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ABSTRACT
One o f  th e  m ost s i g n i f i c a n t  f a c to r s  to  be c o n s id e re d  in  
th e  economic programming and c o n t r o l  o f  a  p ro d u c tio n  p ro c e ss  i s  th e  
q u a l i ty  o f  p ro d u c t p ro d u ced , y e t  r a r e l y  i s  t h i s  f a c to r  t r e a t e d  
e x p l i c i t l y  i n  fo rm a l m odels o f  programming o r  c o n t r o l .  A common 
ap p ro ach  in  such  s i t u a t i o n s  i s  a  100 p e rc e n t  s c re e n in g  o f  f i n a l  
p ro d u c ts  to  a s s u re  ad h eren ce  to  s h ip p in g  s p e c i f i c a t i o n s .  T h is p ro ­
c ed u re  has been  w id e ly  u sed  and can u s u a l ly  s e rv e  th e  p u rp o se  o f 
a s s u r in g  sh ipm ent o f  a c c e p ta b le  p ro d u c t to  cu s to m ers . But in  term s 
o f  m in im iza tio n  o f  t o t a l  p ro d u c tio n  and in s p e c t io n  c o s t ,  i t  i s  n o t 
l i k e l y  to  be a  good m ethod, e s p e c ia l l y  in  s i t u a t i o n s  where th e  
p ro d u c ts  a r e  m an u factu red  i n  a  s e q u e n t ia l  m u l t is ta g e  p ro d u c tio n  
p ro c e s s .
1. An ite m  which i s  d e f e c t iv e  in  an  e a r ly  s ta g e  may have 
much u n n e ce ssa ry  p ro d u c tio n  c o s t s  added to  i t  by th e  
tim e  i t  re a c h e s  th e  f i n a l  s ta g e .
2, An e a r ly  d e f e c t iv e  ite m  may cau se  many p o s s ib le  h aza rd s  
to  l a t e r  p ro d u c tio n  o p e r a t io n s .
For th e s e  re a s o n s , a  m a n u fa c tu re r  may n o t be a b le  to  w a it 
u n t i l  th e  f i n a l  s ta g e  f o r  th e  in s p e c t io n .  I f  th e  in s p e c t io n  i s  n o t 
re s e rv e d  to  th e  f i n a l  s t a g e ,  th e n  where sh o u ld  th e  in s p e c t io n  be 
perform ed?
ix
In  t h i s  s tu d y , th e  p r o b a b i l i s t i c  b e h a v io r  o f  good and d e f e c t iv e  
in -p ro c e s s  u n i t s  o f  p ro d u c ts  in  a  m u l t is ta g e  p ro d u c tio n  p ro c e ss  i s  
e x p lo re d  u n d er th e  assu m p tio n s  o f  im p e rfe c t in s p e c t io n ,  r e p a i r a b i l i t y  
o f d e f e c t iv e  item s found , and o f  a llo w in g  th e  d e f e c t iv e  item s to  
re a c h  th e  custom er. A g e n e ra l  p ro c e d u re  to  d e te rm in e  th e  o p tim a l 
(o p tim a l in  te rm s o f minimum u n i t  c o s t  p e r  f a u l t - f r e e  f i n a l  p ro d u c t)  
in s p e c t io n  program  f o r  a  m u l t is ta g e  m a n u fa c tu r in g  p ro c e ss  has been  
s t r u c tu r e d  u s in g  th e  in s p e c t io n  l e v e l s  and th e  lo c a t io n s  o f in s p e c t io n  
p o in ts  a s  c o n t r o l la b le  v a r i a b le s .
At th e  o u t s e t  o f  t h i s  s tu d y , i t  was proved th a t  th e  u n i t  
c o s t  fu n c t io n  p e r  f a u l t - f r e e  u n i t  o f f i n a l  p ro d u c t i s  a  m onotonic 
fu n c tio n  w i th in  th e  domain o f  th e  in s p e c t io n  l e v e l s .  T h is  has 
s im p l i f ie d  th e  problem  s u b s t a n t i a l l y  and a llo w s  one to  u se  a 
d e c i s io n - t r e e  to  s o lv e  th e  p rob lem  f o r  an o p tim a l in s p e c t io n  program .
In  t h i s  s tu d y , th r e e  d i f f e r e n t  m odels a re  developed f o r  th r e e  
p o s s ib le  s i t u a t i o n s .  Computer program s a r e  p re s e n te d  f o r  q u ic k ly  
id e n t i f y in g  th e  o p tim a l in s p e c t io n  p la n . In  o rd e r  to  u se  th e s e  m odels 
and program s, th e  fo llo w in g  in p u ts  a r e  needed :
1 . The ex p ec ted  p ro d u c tio n  f a i l u r e  r a t e  a t  each p ro d u c tio n  
s ta g e .
2. The u n i t  c o s t  o f  p ro d u c tio n , in s p e c t io n ,  d is p o s a l ,  and 
r e p a i r  p e r  item  in  th e  p ro c e ss  a t  each p ro d u c tio n  s ta g e .
3. The p e n a l ty  ch arg e  to  each  d e f e c t iv e  ite m  which re a c h e s  
th e  custom er i n  th e  f i n a l  s ta g e .
CHAPTER I
INTRODUCTION
C e r ta in  ty p e s  o f  p ro d u c ts ,  such  a s  many se m i-c o n d u c to r  d e v ic e s  
and o th e r  p ro d u c ts  from  assem b ly  l i n e s ,  a r e  m a n u fa c tu red  by p erfo rm ­
in g  l i n e a r  seq u en ces  o f  in d iv id u a l  o p e r a t io n s  on N -s ta g e  p ro d u c tio n  
l i n e s .  I t  i s  re a s o n a b le  to  e x p e c t t h a t  a t  each  s ta g e  th e r e  i s  a  n o n - 
n e g l ig ib l e  p r o b a b i l i t y  o f  u n d e s ir e d  r e s u l t s .  S in c e  a  d e f e c t iv e  ite m  
p ro d u ced  i n  th e  e a r ly  s ta g e s  w i l l  n e v e r  b e  an  a c c e p ta b le  ite m  i n  th e  
f i n a l  o u tp u t ,  i t  i s  p r e f e r a b l e  to  im m ed ia te ly  r e j e c t  th e  d e f e c t iv e  
i te m  to  a v o id  th e  u n n e c e ssa ry  and w a s te f u l  c o s t s  o f  p ro c e s s in g  t h a t  
i te m  f u r t h e r .  To t h i s  en d , i t  i s  u s u a l ly  assumed t h a t  fo llo w in g  each  
p ro d u c tio n  o p e r a t io n ,  i t  i s  p o s s ib le  to  a p p ly  a  p ro d u c t  t e s t  (o r  
in s p e c t io n )  to  f in d  d e f e c t iv e  i te m s .
The re a s o n  f o r  In t r o d u c in g  in s p e c t io n  e f f o r t s  i n t o  th e  manu­
f a c tu r in g  p ro c e s s  i s ,  o f  c o u rs e , to  re d u c e  th e  t o t a l  p ro d u c tio n  c o s t  
p e r  u n i t  o f  good p ro d u c t o f f e r e d  on th e  m a rk e t. However, th e  i n t r o ­
d u c t io n  o f in s p e c t io n  e f f o r t s  i n t o  th e  m a n u fa c tu r in g  p ro c e s s  to  
d e te rm in e  w h e th e r o r  n o t  an  ite m  sh o u ld  b e  r e j e c t e d  from  th e  p ro d u c ­
t i o n  l i n e  w i l l  i t s e l f  c r e a t e  a d d i t i o n a l  c o s t s  so  t h a t  th e  t o t a l  
p ro d u c tio n  c o s t s  o f  th e  m a n u fa c tu r in g  p ro c e s s  may in c r e a s e .  As th e  
c o s t s  o f  in s p e c t io n  in c r e a s e  i n  th e  h ig h ly  com plex seq u en ces  o f  
m odem  m a n u fa c tu r in g  o p e r a t io n s ,  a  c a r e f u l  a n a ly s i s  i s  r e q u ir e d  to
1
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d e te rm in e  which t e s t s  a r e  s u f f i c i e n t l y  u s e f u l  to  j u s t i f y  t h e i r  a d d i­
t i o n a l  c o s t s ,  i . e .  w hich a d d i t io n a l  c o s ts  w i l l  red u ce  t o t a l  c o s t  p e r  
u n i t  o f  good f i n a l  p ro d u c t.
T h e re fo re , to  th e  in s p e c t io n  p ro c e ss  th e  im p o rta n t problem s 
o f  c o n ce rn  a r e  n o t o n ly  th e  in s p e c t io n  equipm ent and p ro c e d u re  b u t  
a ls o  th e  b ro a d e r  q u e s tio n s  o f  how one s p e c i f i e s  a  t o t a l  in s p e c t io n  
program  f o r  an  e n t i r e  system  o r  p ro c e ss  w ith  due c o n s id e r a t io n  f o r  
i n t e r a c t io n s  among th e  p ro d u c tio n  and in s p e c t io n  a c t i v i t i e s  which 
c o l l e c t i v e l y  r e p r e s e n t  th e  m a n u fac tu rin g  p ro c e s s .  T h is p ro c e ss  may 
b e  c a l l e d  a  P r o d u c tio n - In s p e c tio n  System  and may be i l l u s t r a t e d  as 
i n  F ig u re  1 -1 .
The problem  u n d er c o n s id e ra t io n  may a r i s e  in  d e c is io n s  
r e l a t i n g  to  (1) w here th e  in s p e c t io n  p o in ts  sh o u ld  be lo c a te d  in  
th e  p ro c e s s ;  (2) a f t e r  th e  in s p e c t io n  p o in ts  h ave  been  d e te rm in ed , 
w hat th e  i n t e n s i t y  o f  in s p e c t io n  sh o u ld  b e ; and (3) w hat sh o u ld  be  
done w ith  d e f e c t iv e  item s  w hich have been  I d e n t i f i e d —r e p a i r  them 
o r s c ra p  them—so t h a t  th e  combined p ro d u c tio n  and in s p e c t io n  c o s ts  
w i l l  be a  minimum.
P rev io u s  R esearch
I n  th e  p a s t ,  th e  problem  o f  d e te rm in in g  in s p e c t io n  p o in ts  in  
sequence o f  m a n u fac tu rin g  o p e ra t io n s  h as  re c e iv e d  l i t t l e  a t t e n t i o n .  
The problem  i s  o f te n  so lv ed  s i m p l i s t i c a l l y  by u s in g  a  100 p e rc e n t 
in s p e c t io n  o f  th e  f i n a l  p ro d u c ts . In  th e  1 9 6 0 's  s e v e r a l  t h e o r e t i c a l  
models w ere d ev e lo p ed . The e a r l i e s t  s tu d y  o f  th e  problem  o f how to
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a l l o c a t e  I n s p e c t io n  e f f o r t s  to  a m u l t i - s ta g e  p ro d u c tio n  l i n e  was done 
by Glenn F . L indsay  and A lb e r t  B. B ish o p .^  The pu rpose  o f th e  s tu d y  
was to  m inim ize th e  t o t a l  c o s ts  o f  in s p e c t io n  in  a  p ro d u c tio n  l i n e  
s u b je c t  to  th e  c o n s t r a in t  t h a t  th e  f i n a l  o u tp u t m ust m eet a  p r e d e te r ­
mined q u a l i ty  s ta n d a rd . T his q u a l i t y  s ta n d a rd  was ex p re ssed  a s  a 
p e rc e n ta g e  o f d e f e c t iv e  item s in  th e  f i n a l  p ro d u c t. F o r exam ple, 
th e  q u a l i ty  s ta n d a rd  cou ld  be s t a t e d  a s  "no more th a n  p^  (say  .2%) 
o f  th e  f i n a l  o u tp u t may be d e f e c t iv e ."
Xn t h e i r  model L indsay  and B ishop assumed t h a t  th e  p r o b a b i l i ty  
o f  p ro d u c in g  a  d e f e c t iv e  item  a t  any p ro d u c tio n  s ta g e  was known and 
c o n s ta n t  th ro u g h  tim e . Then i t  was easy  to  d e te rm in e  th e  curaraulative 
p e rc e n ta g e  o f d e f e c t iv e  ite m s  in  a  b a tc h  o f  f i n a l  p ro d u c ts  assum ing 
no in s p e c t io n  e f f o r t  in  th e  p ro d u c tio n  p ro c e ss  a t  a l l .  F o llow ing  
L indsay  and B ish o p , l e t  t h i s  cum m ulative p e rc e n ta g e  o f  d e fe c t iv e s  
b e  re p re s e n te d  by p * . Then
P* « P i +  (1-P i )*P2 + [ l - p 1“ ( l-P i)P 2 l* P 3  + * • * + . . .  (1 -1 )
w here p^ i s  th e  p ro d u c tio n  f a i l u r e  p r o b a b i l i ty  in  p ro d u c tio n  s ta g e  i .  
I f  p* i s  s m a lle r  th a n  p ^ , w here p^ i s  th e  a llo w a b le  p ro p o r t io n  
d e f e c t iv e ,  th e r e  i s  no need to  add th e  in s p e c t io n  e f f o r t  to  th e  
p ro d u c tio n  p ro c e s s . I f  p* i s  g r e a te r  th a n  p ^ , th e n  some in s p e c t io n  
e f f o r t  must be made a t  some p o in ts  o f  th e  in s p e c t io n  p ro c e ss  to
■^Glenn F . L in d say  and A lb e r t  B. B ish o p , " A llo c a tio n  o f 
S c reen in g  In s p e c tio n  E f fo r t-A  Dynamic Programming A pproach ." 
Management S c ie n c e , V ol. 10, No. 2 (J a n u a ry , 19 6 4 ), pp . 342-352.
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remove some d e f e c t iv e s  so  t h a t  th e  p e rc e n ta g e  o f  d e f e c t iv e  item s in  
th e  f i n a l  o u tp u t w i l l  n o t  exceed p \
I f  i t  i s  assumed t h a t  S i s  th e  i n i t i a l  q u a n t i ty  o f  in p u t ,  w ith  
no in s p e c t io n  a t  a l l  i n  th e  p ro d u c tio n  p ro c e s s ,  th e  ex p ec ted  number 
o f d e f e c t iv e  item s i n  th e  f i n a l  o u tp u t w i l l  b e  S*p*. In  o rd e r  to  
m eet th e  q u a l i ty  re q u ire m e n t o f  p f , a t  l e a s t  Zn u n i t s  o f  d e f e c t iv e
item s in  th e  f i n a l  p ro d u c ts  m ust be rem oved, th u s  th e  fo llo w in g  
c o n d i t io n  e x i s t s
The problem  th e n  i s  to  d e c id e  w here th e  in s p e c t io n  e f f o r t  
sh o u ld  b e  a p p lie d  so t h a t  a t  l e a s t  Zn u n i t s  o f  d e f e c t iv e  i te m s , as  
d e f in e d  by E q u a tio n  1 -3 , w i l l  be i d e n t i f i e d  and removed from  th e  
f i n a l  p ro d u c tio n  b a tc h  a t  a  minimum in s p e c t io n  c o s t .
The ap p ro ach  used  by L indsay  and B ishop to  f in d  th e  o p tim a l 
in s p e c t io n  p la n  was a  co m b in a tio n  o f  en u m era tiv e  and a n a l y t i c a l  
te c h n iq u e s . By a  c lo s e  ex am in a tio n  o f  th e  b a s ic  m odel, a  v e ry  im por­
t a n t  c o n c lu s io n  was re a c h e d ; t h a t  an  o p tim a l m u l t is ta g e  in s p e c t io n  
p la n  h a s  th e  p ro p e r ty  t h a t  a t  any s ta g e  o f  p ro d u c tio n  i ,  ( i = l ,
2 , . . . ,  N) th e  number o f  item s to  be in s p e c te d  i s  e i t h e r  none o r  
2
th e  w hole b a tc h .
(1- 2)
S o lv in g  (1 -2 ) f o r  Zn y ie ld s
(1 -3 )
20£ . c l t . p . 346.
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The em phasis o f  t h i s  s tu d y  was on th e  q u a l i ty  re q u ire m e n t i n  
th e  f i n a l  p ro d u c ts .  The m ain w eakness o f  th e  s tu d y  was th a t  i t  d id  
n o t c o n s id e r  many o th e r  im p o r ta n t f e a tu r e s  o f  th e  p ro d u c tio n  in s p e c ­
t i o n  system . For exam ple, i t  was assumed t h a t  each  in s p e c t io n  was 
100 p e rc e n t r e l i a b l e  and t h a t  a l l  i d e n t i f i e d  d e f e c t iv e  item s w ere 
sc ra p p e d . N oth ing  was s a id  ab o u t p o s s ib le  im p e rfe c tio n  i n  th e  
in s p e c t io n  p ro c e s s .  Most im p o r ta n t ly , th e  c o s t  o f p ro d u c tio n  was 
n o t  ta k e n  in to  c o n s id e r a t io n ,  y ie ld in g  a  w eakness in  th e  model due 
to  th e  f a c t  t h a t  an in s p e c t io n  program  w hich  y ie ld s  a  minimum c o s t  
f o r  in s p e c t io n  may n o t  r e s u l t  i n  a  minimum c o s t  f o r  th e  combined 
p ro d u c tio n  and in s p e c t io n  p ro c e s s .  U su a lly  th e  l a t t e r  i s  more 
c r u c i a l  th an  th e  fo rm er.
Leon S. W hite developed  a  model to  d e te rm in e  th e  o p tim a l 
p la n  f o r  a  s im p le  c l a s s  o f  m u l t i - s ta g e  In s p e c t io n  system s w ith  an 
im p o rta n t im provem ent o v e r th e  model dev elo p ed  by L indsay  and 
B ish o p .3 W hite in tro d u c e d  i n  h i s  model th e  p o s s i b i l i t y  o f r e p la c in g  
th e  d e te c te d  d e f e c t iv e  item s  by n o n -d e fe c t iv e  i te m s .
I t  i s  assumed t h a t  a  b a tc h  o f  p ro d u c ts  may be  in s p e c te d  
p r i o r  to  e n te r in g  any m a n u fac tu rin g  s ta g e  and th e  d e te c te d  d e fe c ­
t i v e  item s a t  any s ta g e  k  may b e  re p la c e d  by  n o n -d e fe c t iv e  item s 
a t  a c o n s ta n t  re p lacem en t c o s t  r ^ .  I t  i s  a l s o  assumed th a t  th e  
in s p e c t io n  c o s t  (c^) and th e  p ro d u c tio n  f a i l u r e  p r o b a b i l i ty  (p^)
3Leon S. W hite , ''The A n a ly s is  o f  A Sim ple C la ss  o f  M u lti-  
S tag e  In s p e c t io n  P la n s ,"  Management S c ie n c e , V ol. 19 , No. 9 , (May 
1966) pp . 685-693.
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fo r  any p ro d u c tio n  o p e ra t io n  s ta g e  k  a re  c o n s ta n t .  Based upon th e se  
a ssu m p tio n s , a re c u r re n c e  r e l a t i o n  fu n c t io n  f o r  th e  o p tim a l a l t e r ­
n a t iv e  was developed  u s in g  th e  backw ard s o lu t io n  o f  dynamic program ­
ming by i s o l a t i n g  a  b a tc h  o f  S i te m s .
Assume th a t  F (p ) i s  t o t a l  ex p ec ted  c o s ts  p e r  b a tc h  o f  S n n
item s s t a r t i n g  from  s t a t e  n  and fo llo w in g  an  o p tim a l p o lic y  f o r  th e  
rem a in in g  s ta g e s ,  th e  re c u r re n c e  r e l a t i o n s  a r e  th e n  g iv en  by




Fn (pn ) = min [ ^ 0 ^ )  + ^n (kn ) + dCkn ) ] ,  f o r  n=N, (1 -5 )
kn
w here C K k^S.
where d i s  th e  p e n a lty  charged  by u n d e te c te d  d e f e c t iv e  item s w hich 
re a c h  th e  custom ers and k  i s  th e  l e v e l  o f  in s p e c t io n .  Pn4.  ̂ a 
fu n c t io n  o f  pR and k^ . P ro v id in g  t h a t  S, c ,  r ,  p , and d a r e  known, 
and fo llo w in g  th e  b a s ic  dynamic programming r u l e s ,  th e  problem  co u ld  
be s o lv e d . W hite i l l u s t r a t e d  t h i s  by a  h y p o th e t ic a l  exam ple.
W h ite 's  s tu d y  con firm ed  L indsay  and B is h o p 's  s tu d y  t h a t  th e  
o p tim a l in s p e c t io n  l e v e l  a t  any s ta g e  i s  e i t h e r  ze ro  o r th e  w hole 
b a tc h .  T h e re fo re , E q u a tio n s  1 -4  and 1-5  m ust b e  e v a lu a te d  f o r  only  
two v a lu e s  o f kR— zero  and S.
W h ite 's  s tu d y , w h ile  an  improvem ent ov er L indsay  and B ish o p 's  
s tu d y , s h a re s  many o f i t s  p ro b lem s; i . e . ,  th e  assu m p tio n s  a r e  so
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r e s t r i c t i v e  th a t  th e  model can o n ly  se rv e  in  s p e c ia l  c a s e s .  The 
approach  su g g ested  by W hite o f  alw ays re p la c in g  th e  d e f e c t iv e  item s 
by n o n -d e fe c t iv e  item s i s  q u e s tio n a b le . In  r e a l  s i t u a t i o n s ,  s c rap ­
p in g  may som etim es be  more b e n e f i c i a l  th an  r e p la c in g .  M oreover, 
W hite assumed th a t  th e  c o s t  o f rep lacem en t i s  c o n s ta n t and i s  th e  
same f o r  any k in d  o f d e f e c t .  I f  th e  d e fe c ts  can be caused a t  any 
p ro d u c tio n  s ta g e ,  i t  i s  more re a so n a b le  to  assume th a t  d e fe c ts  a t  
d i f f e r e n t  p ro d u c tio n  s ta g e s  may in v o lv e  d i f f e r e n t  c o s ts  to  r e p la c e .
P e te r  Mark P ruzan  and J .  T. Ross Jackson  p u b lish e d  an a r t i c l e  
in  th e  F eb ru a ry , 1967 is s u e  o f T echnom etrics co n cern in g  th e  problem  
o f th e  o p tim a l a l lo c a t io n  o f in s p e c t io n  e f f o r t  in  a  m u lt i - s ta g e  
p ro d u c tio n  l i n e .  They began a t  th e  p o in t  o f  a ccep tan ce  o f  th e  
p o s tu la te  o f  L indsay  and Bishop th a t  "under f a i r l y  g e n e ra l con­
d i t i o n s ,  th e  ex trem e p o in t  s o lu t io n  o f  in s p e c t io n  l e v e l ,  0 p e rc e n t 
and 100 p e rc e n t ,  i s  o p tim a l." ^  A dynamic programming re c u rre n c e  
fu n c tio n  was developed  and th e  o p tim a l s o lu t io n  o b ta in e d . The 
re c u rre n c e  fu n c tio n  developed by P ruzan  and Jackson  added a  f ix e d  
c o s t  a t  each  p o te n t i a l  in s p e c t io n  s t a t i o n .
One im p o rtan t c o n tr ib u t io n  o f t h i s  s tu d y  i s  th a t  P ruzan  and 
Jackson  showed th a t  th e  in s p e c t io n  c o s ts  o f  any p ro d u c tio n  s ta g e  
( in c lu d in g  b o th  f ix e d  c o s ts  and v a r ia b le  c o s ts )  a r e  dependent upon 
th e  s ta g e  a t  which th e  p re v io u s  in s p e c t io n  was perform ed . In  o th e r
^ P e te r  Mark Pruzan and J .  T . Ross Jack so n , "A Dynamic P ro­
gramming A llo c a t io n  in  P ro d u c tio n  L ine I n s p e c t io n ,"  T ech n o m etrics , 
V ol. 9 , No. 1 , (F ebruary  1967), pp. 73-81
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w ords, in s p e c t io n  c o s ts  a r e  fu n c tio n s  o f ,  n o t o n ly  th e  p ro d u c tio n
s ta g e  w here th e  c u r r e n t  in s p e c t io n  i s  a p p l ie d ,  b u t a ls o  p re v io u s
in s p e c t io n  s ta g e s .  Then in  a  N s ta g e  p ro d u c tio n  l i n e ,  i t  i s  n e c e ssa ry  
to  e s t im a te  a l l  p o s s ib le  V (J,K ) and  W(J,K) w here V i s  th e  v a r i a b le  
c o s t  and W, th e  f ix e d  c o s t ,  and
K « 1 ,  2 , . . . ,  N
J  = 0 , 1 , . . N -l
K > J  .
S in ce  P ruzan  and Jack so n  used  th e  backw ard dynamic program ­
ming s o lu t io n ,  th e  s t a t e  v a r i a b le  (J ,K ) in d ic a te s  t h a t  th e  in s p e c ­
t io n  i s  to  be perform ed a t  th e  p o in t  w here th e r e  a r e  J  p ro d u c tio n  
o p e ra t io n s  l e f t ,  g iv en  t h a t  th e  m ost r e c e n t  in s p e c t io n  was perform ed 
a t  th e  p o in t  w here th e r e  w ere K p ro d u c tio n  o p e ra t io n s  l e f t .  A fo u r  
s ta g e  p ro d u c tio n  p ro c e ss  h a s  30 c o s ts  to  b e  e s t im a te d . T h is  may be 
i l l u s t r a t e d  by F ig u re  1 -2 .
Assuming th e s e  c o s t s  to  be a v a i l a b l e ,  t h i s  i s  c l e a r ly  a  more 
r e a l i s t i c  model th a n  th o s e  d is c u s s e d  e a r l i e r .  The app roach  su g g es ted  
by P ruzan  and Jack so n  to  f in d  th e  o p tim a l in s p e c t io n  program  i s  th e  
same as  t h a t  used  i n  W h ite 's  m odel. S in ce  th e  o n ly  d i f f e r e n c e s  
betw een th e s e  two m odels a r e  in  th e  in s p e c t io n  c o s t  fo rm u la t io n s , 
P ruzan  and J a c k s o n 's  model h a s  b a s i c a l l y  th e  same w eaknesses as 
W h ite 's  m odel.
5
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00: no in s p e c tio n  a f t e r  f i n a l  p ro d u c tio n  s ta g e
F ig u re  1 -2 : In s p e c tio n  C o sts : A F u n c tio n  o f P rev ious
In s p e c tio n  A c t iv i t i e s
o
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Leon S. W hite fo llo w ed  P ruzan  and Ja c k so n ’s  work w ith  a n o th e r  
p ap e r i n  Ja n u a ry , 1969.^  I n  t h i s  model i t  was assumed t h a t  c o s t  
in fo rm a tio n  as  a v a i l a b le  f o r  a l l  s t a t e s  (J ,K ) a s  su g g es ted  by P ruzan  
and Ja c k so n . However, in s te a d  o f  s o lv in g  f o r  th e  o p tim a l a l l o c a t io n  
o f in s p e c t io n  p o in ts  th ro u g h  dynamic program m ing, th e  se a rc h  f o r  th e  
o p tim a l s e t  o f  in s p e c t io n  p o in ts  was done by n e tw o rk  te c h n iq u e s  s in c e  
th e  s h o r t e s t  ro u te  model p ro v id e s  a  v e ry  f a s t  a lg o r ith m  f o r  g e n e ra t in g  
co m p u ta tio n a l r e s u l t s .®  A ll  t h a t  m ust be  done h e re  i s  to  t r e a t  th e  
c o s t  o f a  s t a t e  a s  th e  le n g th  o f  a  r o u te .
In  a d d i t io n ,  W hite ex ten d ed  th e  b a s ic  m odel to  th e  c a se  w here 
in s p e c t io n  e f f o r t  i s  l im i t e d .  He e x p re ssed  t h i s  l im i t a t i o n  a s  th e  
t o t a l  number o f  a llo w a b le  in s p e c t io n  s t a t i o n s .  S in ce  he  used  a  n e t ­
work s o lu t io n ,  t h i s  l i m i t a t i o n  c o u ld  b e  im plem ented by ad d in g  th e  
c o n s t r a in t  t h a t  th e  t o t a l  number o f d i f f e r e n t  r o u te s  u sed  betw een 
th e  i n i t i a l  s ta g e  and th e  f i n a l  s ta g e  can n o t be  g r e a te r  th a n  th e  
p red e te rm in ed  maximum number o f  in s p e c t io n  s t a t i o n s .  B a s ic a l ly  t h i s  
model i s  th e  same a s  t h a t  o f  P ruzan  and Jac k so n . The o n ly  d i f f e r e n c e  
i s  t h a t  I t  u se s  d i f f e r e n t  a lg o r ith m s  to  s o lv e  f o r  th e  o p tim a l 
s o lu t io n .
^Leon S. W hite , " S h o r te s t  R oute Models f o r  th e  A llo c a t io n  o f  
In s p e c t io n  E f f o r t  on a  P ro d u c tio n  L in e ,"  Management S c ie n c e , V o l. 15, 
No. 5 , (J a n u a ry , 1 9 6 9 ), p p . 249-259.
® D antzing, G. B ., "On th e  S h o r te s t  R oute Through a  N etw ork ," 
Management S c ie n c e , V ol. 6 , (1 9 6 0 ), pp . 187-190.
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In  Jan u a ry  1972, M. R. G arey p u b lish e d  a model s im i la r  to  th e  
l a t t e r  model by W h ite .^  I t  d i f f e r s  from  W hite’s  model i n  c o s t  e s t i ­
m ation  te c h n iq u e s  and Garey a ls o  ta k e s  in to  c o n s id e ra t io n  th e  c o s ts  
o f  p ro d u c tio n .
G a re y 's  m odel d e s c r ib e s  a  s t a t e  o f th e  p ro c e ss  by [ j , p ] ,  w here 
l£ j<N  and 0< p< l. The p ro c e ss  i s  i n  s t a t e  [ j , p ]  i f  and on ly  i f  th e  
j t h  p ro d u c tio n  o p e ra t io n  h as  j u s t  been  com pleted  and th e  r e s u l t i n g  
ite m  i s  f a u l t f r e e  w ith  a  p r o b a b i l i ty  p . The i n i t i a l  s t a t e  o f  th e  
p ro c e ss  i s  [0*1]• The f i n a l  s t a t e  h as  th e  form  [N ,p ]. The t r a n s i ­
t io n s  betw een s t a t e s  a r e  d e te rm in ed  by th e  d e c is io n  as  to  w hether o r  
n o t to  ap p ly  a  t e s t  b e fo re  th e  o p e ra t io n .  I f  th e  p ro c e ss  i s  in  
s t a t e  [ j , p ]  and an  in s p e c t io n  t e s t  i s  n o t a p p l ie d ,  w itti a  p ro d u c tio n  
su c c e ss  r a t e  P j+^ fche n e x t o p e ra t io n ,  th e  n e x t s t a t e  w i l l  be  
[ j+ 1 , p*p ] .  I f  th e  p ro c e ss  i s  in  s t a t e  [ j , p ]  and an  in s p e c t io n
j+ 1
t e s t  i s  a p p l ie d ,  th e  n e x t s t a t e  w i l l  be  [ j+ 1 ,
I f  K [ j ,p ]  r e p r e s e n ts  th e  minimum ex p ec ted  c o s t  p e r  f a u l t - f r e e  
ite m  as  th e  p ro c e s s  moves from  s t a t e  [ j , p ]  to  th e  f i n a l  s t a t e  i n  th e  
f i n a l  s ta g e ,  th e  backw ard s o lu t io n  re c u r re n c e  fu n c t io n  f o r  th e  o p t i ­
mal p la n  i s  g iv e n  by :
c - + PEc * i-j + K [j+ 1 , P , . J )  in s p e c t  
K[ j  ,p ] = Bin J J+1 3+1 (1 -6 )
Cj+ 1  + ^K ^+ 1 , p ' Pj+L^ d° n 0 t  ln s p e c t
?M. R. G arey , "O ptim al T e s t P o in t  S e le c t io n  f o r  S e q u e n tia l  
M an u fac tu rin g  P r o c e s s ."  The B e l l  System T e c h n ic a l J o u r n a l , V o l. 51, 
No. 1 , (J a n u a ry , 1972).
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w here I s  th e  In s p e c tio n  c o s t  a t  s ta g e  j , cj +^ i s th e  p ro d u c tio n  
c o s t  o f  s t a t e  j+ 1 , and P j+^ i s  th e  p r o b a b i l i ty  o f  a  s u c c e s s fu l  
( f a u l t - f r e e )  p ro d u c tio n  o p e ra tio n  a t  j+ 1 . These eq u a tio n s  a re  
d e fin e d  only w here i t  i s  assumed th a t  Cl) th e  in s p e c tio n  p ro cess  
i s  p e r f e c t ly  r e l i a b l e ,  (2) d e fe c t iv e  item s a r e  n o t r e p a i r a b le ,  and 
(3) in s p e c tio n  c o s ts  a re  c o n s ta n t .  Each o f th e s e  assum ptions reduces 
th e  g e n e r a l i ty  o f  th e  model. The m ost s e r io u s  weakness in  th i s  
model i s  th a t  a t  th e  f i n a l  s ta g e ,  where K[N,p] = 0 , th e  f i n a l  t e s t  
w i l l  n ev er be a p p lie d  because  i t  can  on ly  In c re a s e  th e  expected  
t o t a l  c o s ts .  T h is r e s u l t s  s in c e  th e  c o s t  i s  computed on ly  w ith  
r e s p e c t  to  good item s and no p e n a lty  charge  i s  imposed f o r  d e fec ­
t iv e  item s re a c h in g  th e  cu sto m ers . In  th e  r e a l  w o rld , t h i s  model 
may be  dangerous. The model p ro v id e s  a  minimum c o s t  s o lu t io n  fo r  
th e  in s p e c tio n  p la n . But hav ing  d e fe c t iv e  item s in  th e  f i n a l  o u tp u t 
re a ch in g  custom ers may s e r io u s ly  damage th e  goodw ill o f th e  
m an u fac tu re r .
A ll th e  above models in c lu d e  th e  assum ption  o f  p e r f e c t ly  
r e l i a b l e  in s p e c t io n  r e s u l t s .  This le a d s  to  g re a t  s im p l ic i ty  in  
re p re s e n tin g  th e  p o s s ib le  s t a t e s  o f  th e  p ro d u c tio n  in s p e c tio n  
system . A fte r  an in s p e c t io n  i s  perform ed , th e  item s s e n t  to  th e  
n e x t s ta g e  a re  a l l  c o n sid e red  good r e g a rd le s s  o f  th e  incom ing 
q u a l i ty  l e v e l .
However, t h i s  i s  n o t th e  u su a l case  in  r e a l i t y .  I t  i s  o f te n  
th e  case  th a t  in s p e c t io n  r e s u l t s  a re  n o t p e r f e c t  due to  th e  e r r o r  
o f  t e s t in g  m achines, human e r r o r s ,  o r  o th e r  c au se s . When th e
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In s p e c t io n  p ro c e ss  i s  im p e r fe c t ,  th e  q u a l i ty  mix w hich d e p a r ts  an 
in s p e c t io n  s t a t i o n  depends upon th e  incom ing q u a l i ty  mix and th e  
r e l i a b i l i t y  o f  th e  in s p e c t io n  p ro c e s s .
E. G era ld  H u rs t ,  J r .  was th e  f i r s t  p e rso n  to  add th e  assump­
t io n  o f  im p e rfe c t in s p e c t io n  to  th e  m u l t i - s ta g e  p ro d u c t io n - in s p e c t io n
g
m odel. H is a r t i c l e  was p u b lish e d  in  November, 1973. In  A p r i l ,  1974, 
H u rs t and Gary D. Eppen p u b lish e d  a n o th e r  a r t i c l e  co n ce rn in g  th e  
problem  o f a l l o c a t in g  in s p e c t io n  e f f o r t s  in  m u l t i - s ta g e  p ro d u c tio n  
l i n e s . ^  The b a s ic  id e a  o f b o th  m odels i s  s im i la r  to  W h ite 's  ex ce p t 
t h a t  H u rs t and Eppen t r e a t e d  th e  in s p e c t io n  r e s u l t  a s  a  B e rn o u ll i  
p ro c e ss  in s te a d  o f  assum ing c e r t a i n t y .  T here  i s  a  chance o f accep­
t in g  a  d e f e c t iv e  ite m  and a l s o  th e r e  i s  a  chance o f r e j e c t i n g  a  good 
ite m . T hus, i f  p ro d u c ts  w ith  m ixed good and d e f e c t iv e  item s e n te r  
an  in s p e c t io n  s t a t i o n  w ith  a  p r o b a b i l i ty  p o f  b e in g  good and 1-p  o f 
b e in g  b a d , th e  p r o b a b i l i ty  o f  a c c e p tin g  an ite m  An (p) i s  g iv en  by :
An (p) "  P * ( l ~ g n )  +  ( l - p V d - t ^ )  (1 -7 )
w here g& i s  th e  p r o b a b i l i t y  o f  r e j e c t i n g  a  good ite m  and h^ i s  th e  
p r o b a b i l i ty  o f r e j e c t i n g  a  bad ite m . The re v is e d  p r o b a b i l i ty  t h a t  
an item  i s  good a f t e r  in s p e c t io n  i s
®E. G erald  H u rs t ,  J r . ,  " Im p e rfe c t In s p e c t io n  in  a  M u lt i - s ta g e  
P ro d u c tio n  P r o c e s s ,"  Management S c ie n c e , V o l. 20 , No, 3 , (November, 
1 9 7 3 ), p p . 378-384.
^Gary D. Eppen and E. G era ld  H u rs t ,  J r . ,  "O ptim al L o c a tio n  o f 
I n s p e c t io n  S ta t io n s  in  a  M u l t i - s ta g e  P ro d u c tio n  P r o c e s s ,"  Management 
S c ie n c e , V ol. 20 , No. 8 , ( A p r i l ,  1 9 7 4 ), pp . 1194-1200.
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Q ^ p )  * P ’ C l-g j^ /A ^ p )  (1 -8 )
I f  th e r e  i s  no in s p e c t io n  a f t e r  a  p ro d u c tio n  s ta g e ,  th e  
p r o b a b i l i ty  o f  an  ite m  b e in g  good i s  s t i l l :
Q ^ P )  a  P (1 -9 )
T h is  i s  a  v e ry  im p o rta n t c o n t r ib u t io n  to  th e  problem  o f  
a l l o c a t in g  in s p e c t io n  e f f o r t  in  th e  m u l t i - s ta g e  p ro d u c tio n  m odel.
I t  r e p r e s e n ts  a  m ajo r s te p  tow ard r e a l is m  in  th e  I n s p e c t io n  p ro c e s s . 
The m ain w eakness o f  t h i s  p ap e r i s  t h a t  H u rs t and Eppen l e f t  o u t 
o th e r  im p o rta n t f e a tu r e s  o f  th e  sy stem ; th e  p o s s i b i l i t y  o f  r e p a i r in g  
d e f e c t iv e  ite m s  and a  s t a t e d  q u a l i t y  re q u ire m e n t i n  th e  f i n a l  
o u tp u ts .
S ta tem en t o f  th e  Problem
One prob lem  w hich i s  g e n e r a l ly  sh a re d  by m ost o f  th e  p re v io u s  
s tu d ie s  i s  t h a t  th e y  s t a r t e d  a t  th e  p o in t  o f  a c c e p tin g  L indsay  and 
B ish o p ’s  p o s tu la t e  t h a t  th e  o p tim a l in s p e c t io n  p la n  can o n ly  be  
ach ie v e d  when th e  in s p e c t io n  le v e l s  a t  a l l  s ta g e s  a r e  e i t h e r  ze ro  o r 
100 p e rc e n t .  T h is  s im p l i f i e s  th e  p rob lem  s u b s t a n t i a l l y .  But i f  
th e  assu m p tio n s  o f  th e  v a r io u s  s tu d ie s  a r e  d i f f e r e n t ,  d i f f e r e n t  c o s t  
fo rm a tio n s  m ust fo llo w . The a u th o r  does n o t  f e e l  t h a t  i t  i s  v a l id  
to  s im p ly  a c c e p t  t h i s  p o s tu la t e  f o r  a l l  m odels w ith o u t a  m a th em atica l 
p r o o f .
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I t  i s  g e n e r a l ly  ag reed  in  th e  l i t e r a t u r e  t h a t ,  in  th e  r e a l  
w o rld , p ro d u c tio n  in s p e c t io n  system s may be c h a r a c te r iz e d  by th e  
fo llo w in g  fo u r  d im en sio n s:
1 . D egree o f  p e r f e c t io n  o f  th e  in s p e c t io n  p ro c e s s .  By a 
p e r f e c t  in s p e c t io n  p ro c e s s ,  i t  i s  m eant t h a t  th e  in s p e c ­
t io n  p ro c e ss  i s  a b le  to  i d e n t i f y  a l l  d e f e c t iv e  item s i n  
th e  p ro d u c tio n  b a tc h  so  t h a t  once an In s p e c t io n  i s  p e r ­
form ed a l l  d e f e c t iv e  ite m s  w i l l  be  d e te c te d  and rem oved. 
On th e  o th e r  han d , an  im p e rfe c t in s p e c t io n  i s  one such  
th a t  d e f e c t iv e  item s have  a  chance o f  p a s s in g  th e  in s p e c ­
t i o n  s t a t i o n  u n d e te c te d .
2 . R e p a i r a b i l i t y  o f  d e f e c t iv e s .  I f  d e f e c t iv e  item s a r e  
r e p a i r a b le  th e re  i s  s t i l l  a  q u e s t io n  o f w hether o r  n o t  
th ey  sh o u ld  b e  r e q u ir e d .  I f  th ey  sh o u ld , what I s  th e  
c o s t  o f  r e p a i r in g ?  I f  n o t ,  w hat I s  th e  c o s t  o f  d is p o s in g  
o f  th e  d e f e c t iv e  item s?
3 . E x is te n c e  o f  a  s t a t e d  q u a l i t y  re q u ire m e n t f o r  th e  f i n a l  
p ro d u c ts .  I f  th e r e  I s  o n e , i t  sh o u ld  be  c o n s id e re d  a s
a  c o n s t r a in t  on th e  sy stem . The q u a l i t y  re q u ire m e n t may 
be  e x p re ssed  a s  a  p e rc e n ta g e  o f  d e f e c t iv e  item s i n  th e  
f i n a l  b a tc h  o f o u tp u t .
4 . L im ita t io n s  on in s p e c t io n  e f f o r t s .  I f  th e re  a re  l i m i t a ­
t io n s  on th e  l e v e l  o f  in s p e c t io n  e f f o r t s  th e  l i m i t a t i o n  
may be  ex p re ssed  by th e  number o f  in s p e c t io n  s t a t i o n s .
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The t o t a l  number o f in s p e c t io n  s t a t i o n s  sh o u ld  n o t  b e  more 
th a n  a  p re d e te rm in e d  maximum num ber.
As was seen  i n  th e  l a s t  s e c t i o n ,  a l l  o f  th e  p re v io u s  m odels 
have b een  s im p l i f i e d  by  p u t t i n g  th e  em phasis on o n ly  one o f  th e  above 
fo u r  d im e n s io n s . None o f  th e  m odels can  s e r v e  a s  a  g e n e r a l  m odel.
The fo l lo w in g  t a b l e  p ro v id e s  a  b r i e f  summary o f  th e  c h a r a c t e r i s t i c s  
o f  p re v io u s  m odels .
M odel
DIMENSIONS MODELED
P e r f e c t  
I n s p e c t io n  R e p a ira b le
Q u a li ty
R equirem ent
L im ited
In s p e c t io n
E f f o r t s
L in d say  & B ishop Yes No Yes No
W hite (1966) Yes Im m ed ia te ly  
r e p la c e d  by 
good ite m s
No No
P ru 2an  & Jack so n Yes No No No
W hite (1969) Yes No No Yes
Garey Yes No No No
H u rs t & Eppen No No No No
T ab le  1 -1 : A Summary o f  P a s t  P r o d u c t io n - In s p e c t io n  S tu d ie s
S in ce  th e r e  a r e  many a p p l i c a t io n s  o f  t h i s  ty p e  o f sy stem  in  
th e  r e a l  w o rld , th e r e  i s  a  need  f o r  a  more g e n e r a l iz e d  m odel w hich 
a c c o u n ts  f o r  a l l  o f  th e  above fo u r  d im en sio n s  and w hich can  be  a p p l ie d  
to  a w id e r ra n g e  o f  s i t u a t i o n s .
18
P urpose  o f  th e  Study
The p u rp o se  o f t h i s  s tu d y  I s  to  d evelop  a  more com prehensive 
t h e o r e t i c a l  model f o r  d e te rm in in g  th e  o p tim a l a l l o c a t i o n  o f  in s p e c ­
t io n  e f f o r t  i n  a  s e q u e n t ia l  p ro d u c tio n  p ro c e s s  w ith  th e  fo llo w in g  
c o n s t r a i n t s :
1 . The in s p e c t io n  p ro c e ss  i s  a  B e rn o u ll i  p ro c e s s .
2 . D e fe c tiv e  ite m s  a r e  r e p a i r a b l e .  The c o s t  o f  r e p a i r in g  
i s  dependen t upon th e  ty p e  o f  d e f e c ts  o r  th e  cau se  o f 
th e  d e f e c t s .
3 . The f i n a l  o u tp u t  must m eet a  p red e te rm in ed  q u a l i ty  
s ta n d a rd .
4 . The maximum amount o f  In s p e c t io n  e f f o r t  i s  l im i t e d .
Two s im p le  m odels (w ith  th e  assu m p tio n  t h a t  d e f e c t iv e  item s
a r e  e i t h e r  d isp o se d  o f o r  r e p a ir e d )  w i l l  be developed  f i r s t  to  
e x p la in  th e  b a s ic  c h a r a c t e r i s t i c s  o f  th e  p ro d u c tio n  in s p e c t io n  
system . T hese models a r e  th en  ex tended  to  more r e a l i s t i c  s i t u a t i o n s  
by ad d in g  th e  above fo u r  c o n s t r a in t s  to  re a c h  a  com prehensive m odel. 
F in a l ly ,  i t  w i l l  be  shown th a t  t h i s  com prehensive model i s  a  g en e r­
a l i z a t i o n  o f th e  p re v io u s  s tu d ie s  (o r  m odels) and th a t  i t  i s  more 
w id e ly  a p p l ic a b le  th an  th e  o th e r s .
B asic  A ssum ptions
T h is  s tu d y  i s  conducted  u n d er th e  fo llo w in g  a ssu m p tio n s :
1 . O p tim iz a tio n  o f  th e  system  i s  d e f in e d  by a  p ro p e r combi­
n a t io n  o f in s p e c t io n  s t a t i o n s  and in s p e c t io n  p ro c e sse s
19
so t h a t  t o t a l  c o s t  o f  p ro d u c tio n  and in s p e c t io n  p e r 
f a u l t - f r e e  f i n a l  o u tp u t i s  a t  a minimum.
2 . I t  i s  assumed th a t  th e r e  a r e  i n i t i a l l y  u n i t s  o f  in p u t  
and th a t  i s  a  known p a ra m e te r . T here  a r e  no d e fe c t iv e  
item s among th e  u n i t s .
3 . The p r o b a b i l i ty  o f  p ro d u c in g  a  d e f e c t iv e  item  a t  any 
p ro d u c tio n  s ta g e  o f th e  p ro d u c tio n  p ro c e ss  i s  c o n s ta n t .  
A c tu a l ly , i f  th e  raw  m a te r ia l  q u a l i ty  and th e  d e f e c t -  
c au s in g  c h a r a c t e r i s t i c s  o f th e  p ro d u c tio n  o p e ra t io n s  a r e  
f a i r l y  c o n s ta n t  o r  re a so n a b ly  w e l l  c o n t r o l l e d ,  a s  i s  
o f te n  th e  c a s e , i t  i s  n o t u n re a so n a b le  to  e x p ec t ap p ro x i­
m ate co n stan cy  in  th e  f r a c t i o n  d e f e c t iv e  a t  any g iven  
s ta g e  i n  th e  p ro c e ss  ( a t  l e a s t  in  th e  long  r u n ) . t ^  w i l l  
r e p r e s e n t  th e  p r o b a b i l i ty  o f  g e n e ra t in g  a  d e f e c t iv e  item  
in  p ro d u c tio n  o p e ra t io n  i .  Thus f o r  an N s ta g e  p ro d u c tio n  
p ro c e s s ,  t ^ ,  t • * •> t^  a r e  c o n s id e re d  c o n s ta n t  and 
w i l l  s e rv e  as  system  p a ra m e te rs .
4 . I t  i s  assumed t h a t  d e f e c t iv e  item s  have no p ro d u c t v a lu e  
e x c e p t t h a t  in  some c a se s  s a lv a g e  v a lu e s  a re  a ss ig n e d  to  
t h e i r  m a te r i a l s .  D e fe c tiv e  item s a r e  n o t  m a rk e ta b le . I f  
th ey  d id  re a ch  th e  c u s to m ers , th e  custom ers may o b ta in  a 
re fu n d  f o r  th e  d e f e c t iv e  item s o r  r e c e iv e  a re p la ce m e n t.
In  t h i s  c a s e ,  th e  company lo s e s  g o o d w ill from such an 
o c c u rre n c e .
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5 . The c o s t  f u n c t io n s  f o r  p ro d u c tio n , in s p e c t io n ,  d i s p o s a l ,  
and r e p a i r  o f  p ro d u c ts  a r e  assumed to  b e  l i n e a r .  T h is  
im p lie s  t h a t  th e  c o s ts  o f  p ro d u c tio n , In s p e c t io n ,  d i s ­
p o s a l ,  and r e p a i r  a r e  in d ep en d en t o f  th e  r a t e  o f  p roduc­
t i o n ,  in s p e c t io n ,  d is p o s a l ,  and r e p a i r .
C ost C o n s id e ra tio n s
The r e le v a n t  c o s ts  w hich sh o u ld  be  tak en  i n to  c o n s id e ra t io n  
in  th e  p ro d u c tio n  in s p e c t io n  system  a re
1 . th e  c o s ts  o f p ro d u c tio n ,
2 . th e  c o s ts  o f  p e rfo rm in g  th e  in s p e c t io n ,
3 . th e  c o s ts  o f  d is p o s in g  o f  d e f e c t iv e  item s w hich a r e
found in  th e  in s p e c t io n  p ro c e s s ,
4 . th e  c o s ts  o f  r e p a i r in g  th e  d e f e c t iv e  item s fo u n d , and
5 . th e  c o s ts  a s s o c ia te d  w ith  th o s e  d e f e c t iv e  item s  w hich a re
n o t d is c o v e re d  and removed o r  r e p a ir e d  from  th e  p roduc­
t io n  p ro c e s s .
Each o f  th e s e  c o s ts  w i l l  b e  d is c u s s e d  in  th e  fo llo w in g  p a ra g ra p h s .
P ro d u c tio n  C o s t: The p ro d u c tio n  c o s ts  b e in g  c o n s id e re d  h e re
a re  o n ly  v a r i a b le  c o s t s .  They in c lu d e  th e  c o s ts  o f  raw m a te r ia ls  and 
th e  la b o r  added in  th e  p ro d u c tio n  o p e r a t io n s .  S in ce  a  c o n s ta n t r a t e  
o f  r e tu r n  and a  l i n e a r  p ro d u c tio n  c o s t  fu n c t io n  i s  assum ed, th e  c o s ts  
o f raw  m a te r ia l s  and la b o r  added a t  e ach  p ro d u c tio n  s ta g e  a re  con­
s t a n t .  L et CP^ d en o te  th e  u n i t  p ro d u c tio n  c o s ts  fo r  p ro c e s s in g  one 
u n i t  o f  p ro d u c t in  p ro d u c tio n  s ta g e  i .
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I n s p e c t io n  C o s ts : The u n i t  c o s t  o f  p e rfo rm in g  an  in s p e c t io n
in c lu d e s  th e  sum o f  th e  u n i t  c o s t s  o f  l a b o r ,  m a t e r i a l s ,  and v a r i a b le  
o verh ead  to  in s p e c t  an  i te m  from  th e  p ro d u c tio n  l i n e .  S in ce  i t  i s  
assum ed th a t  in s p e c t io n  c o s t  i s  in d e p e n d e n t o f  th e  r a t e  o f  in s p e c ­
t i o n ,  in s p e c t io n  c o s t s  a r e  a l s o  c o n s ta n t  a t  any  g iv e n  s ta g e  i n  th e  
p ro d u c tio n  p e r  u n i t  in s p e c te d .  In  th e  developm ent o f  th e  p ro d u c tio n  
in s p e c t io n  m odel, i t  w i l l  b e  assum ed a t  th e  o u t s e t  t h a t  th e  in s p e c ­
t i o n  c o s t s  f o r  e ach  s ta g e  i n  th e  p ro d u c tio n  l i n e  a r e  in d e p e n d e n t o f  
one a n o th e r ,  i . e .  th e  in s p e c t io n  c o s t s  depend o n ly  upon th e  p o in t  o f  
th e  t e s t  a p p l i c a t i o n .  They a r e  n o t  a f f e c t e d  by w hat h a s  b een  done 
i n  p re v io u s  s t a g e s .  L e t CI^ d e n o te  th e  u n i t  c o s t  o f  in s p e c t in g  one 
ite m  from  th e  p ro d u c tio n  l i n e  a f t e r  th e  i t h  s ta g e  o f  p ro d u c tio n  h a s  
been  co m p le ted . In  C h ap ter IV , th e  a ssu m p tio n  o f  in d ep en d en ce  w i l l  
be  abandoned . The in s p e c t io n  c o s t  a t  any p ro d u c t io n  s ta g e  j  w i l l  
th e n  be  d ep en d en t n o t o n ly  upon th e  p o in t  w here th e  in s p e c t io n  i s  
p e rfo rm ed  b u t  a l s o  th e  p o in t  w here th e  m ost r e c e n t  in s p e c t io n  was
p e rfo rm ed . N o ta t i o n a l ly , C l. . r e p r e s e n ts  th e  u n i t  c o s t  f o r  p e r -
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fo rm in g  th e  in s p e c t io n  on one ite m  in  s ta g e  j  g iv e n  t h a t  th e  m ost 
r e c e n t  in s p e c t io n  was p e rfo rm ed  a t  s ta g e  x , w here i  < j .
C ost o f  d is p o s in g  o f d e f e c t iv e  i t e m s : Once an  in s p e c t io n
ta k e s  p la c e  and d e f e c t iv e  ite m s  a r e  fo u n d , a d e c is io n  m ust be made 
as  to  w h e th e r o r  n o t to  r e p a i r  th e  d e f e c t iv e  item s  i f  th ey  a re  
r e p a i r a b l e .  I f  th e  d e c is io n  i s  n o t  to  r e p a i r  them , th e r e  a r e  c o s ts  
a s s o c ia te d  w ith  t h e i r  d i s p o s a l .  I t  i s  assumed t h a t  d is p o s a l  c o s ts
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a re  a ls o  c o n s ta n t  p e r  u n i t  d isp o se d  a t  any g iv en  s ta g e .  T h is  c o s t  
i s  o n ly  a  fu n c t io n  o f th e  p ro d u c tio n  s ta g e .  D e fe c tiv e  item s  m ight 
be s o ld  a t  some p o s i t iv e  s a lv a g e  v a lu e .  I f  t h i s  i s  th e  c a s e , th e  
income from  th e  s a l e  may be t r e a t e d  a s  a  n e g a tiv e  d is p o s a l  c o s t .  
T h e re fo re , i f  CD  ̂ i s  th e  u n i t  c o s t  o f d is p o s in g  o f one d e f e c t iv e  
ite m  from  th e  p ro d u c tio n  l i n e  a t  s ta g e  i  and CS^ i s  th e  s a lv a g e  
v a lu e  p e r  d e f e c t iv e  ite m  a t  s ta g e  i ,  th e n  th e  a c tu a l  n e t  d is p o s a l  
c o s t  p e r  u n i t  a t  s ta g e  i  would b e  CD^CS^.
C ost o f r e p a i r in g  d e f e c t iv e  i te m s : I f  th e  d e c is io n  i s  made
to  r e p a i r  th e  d e f e c t iv e  ite m s  found in  th e  in s p e c t io n  p ro c e s s ,  i t  i s  
n e c e s sa ry  to  know th e  c o s ts  a s s o c ia te d  w ith  t h e i r  r e p a i r .  In  t h i s  
s tu d y , r e p a i r  c o s t  i s  t r e a t e d  in  th e  same manner as  in s p e c t io n  c o s t .  
I t  i s  assumed I n i t i a l l y  t h a t  th e  r e p a i r  c o s t  i s  c o n s ta n t  p e r  u n i t  
r e p a i r e d .  T hat i s  th e  c o s t  i s  assumed to  be  in d ep en d en t o f th e  k ind  
o f d e f e c ts  an  ite m  h a s .  For exam ple, CR^ r e p r e s e n ts  th e  u n i t  c o s t  
o f  r e p a i r in g  a  d e f e c t iv e  ite m  a t  s ta g e  i  no m a tte r  w hat k in d  o f  
d e f e c ts  th e  ite m  p o s s e s s e s . I n  o th e r  w ords, th e s e  c o s ts  a r e  fu n c ­
t io n s  o f p ro d u c tio n  s ta g e s  o n ly . L a te r ,  t h i s  assu m p tio n  w i l l  be  
re la x e d  so t h a t  th e  u n i t  c o s t  o f r e p a i r in g  one d e f e c t iv e  ite m  a t  
any s ta g e  w i l l  b e  assumed to  b e  d ependen t upon th e  s ta g e  a t  which 
th e  d e f e c t  was c au se d . N o ta t io n a l ly , CRi  ^ d e n o te s  th e  u n i t  c o s t  a t  
s ta g e  j  o f  r e p a i r in g  one d e f e c t iv e  ite m  in  w hich th e  d e f e c t  i s  
caused  in  s ta g e  i ,  where i ^ j ■
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C o sts  o f  u n id e n t i f ie d  d e f e c t iv e  Item s and o u tg o in g  d e f e c t s : 
D e fe c tiv e  item s n o t removed o r  r e p a i r e d  i n  th e  in s p e c t io n  p ro c e ss  
may r e s u l t  i n  some h a za rd  to  th e  p ro d u c tio n  o p e ra t io n  i n  th e  n ex t 
s ta g e .  T h is  h aza rd  c o s t  i s  r e p re s e n te d  by a  c o n s ta n t  p e n a l i ty  CH  ̂
p e r  u n i t  o f  u n id e n t i f ie d  d e f e c t iv e  item s i n  s ta g e  i  which e n te r  p ro ­
d u c tio n  s ta g e  i+ 1 . I f  a  d e f e c t iv e  i s  n o t removed o r r e p a ir e d  from 
and th e  f i n a l  s ta g e  and i s  sh ip p ed  to  th e  c u sto m er, th e re  w i l l  be 
some ta n g ib le  o r  in ta n g ib le  p e n a l t i e s  charged  to  each  u n i t  o f  f i n a l  
d e f e c t iv e  i te m s . T hese p e n a l t i e s  may be s t a t e d  e x p l i c i t l y  i n  a 
c o n tr a c t  betw een  th e  p ro d u ce r and consum ers o r  may be i m p l i c i t  as 
lo s s e s  to  th e  company’s g o o d w ill. In  t h i s  s tu d y , th e s e  p e n a l t i e s  
a r e  c o n s id e re d  as  a  h a z a rd  c o s t  f o r  d e f e c t iv e  item s re a c h in g  th e  
cu sto m er, and a  c o n s ta n t  u n i t  p e n a l ty  c o s t  CHjj i s  assumed f o r  each 
d e f e c t iv e  Item  re a c h in g  th e  cu sto m er.
O rg a n iz a tio n  P lan  o f  th e  Study
T h is  s tu d y  i s  p re s e n te d  i n  s i x  c h a p te r s .  The g e n e ra l  back­
ground and th e  s ta te m e n t o f th e  p rob lem  a re  d is c u s s e d  i n  C hap ter I .
A sim p le  model assum ing th a t  d e f e c t iv e  item s a r e  d isp o se d  o f  and an 
in t r o d u c t io n  to  th e  g e n e ra l  ap p ro ach  to  th e  s e a rc h  f o r  th e  o p tim a l 
in s p e c t io n  p la n  a r e  developed  i n  C hap ter I I .  A model o f  a  produc­
t io n -  in s p e c t io n  sy stem  assum ing th a t  d e f e c t iv e  Item s a r e  re p a ire d  
i s  d eveloped  in  C hap ter I I I .  The assu m p tio n s  in  th e  f i r s t  two models 
a r e  re la x e d  in  C hap ter IV , and a  more com prehensive model f o r  a
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p ro d u c tio n - in s p e c t io n  sy stem  i s  d ev e lo p ed . In  C hap ter V, an 
e m p ir ic a l  t e s t  o f th e  com prehensive model i s  p re s e n te d . The f i n a l  
c o n c lu s io n s  and su g g e s tio n s  f o r  f u tu r e  s tu d ie s  a r e  d is c u s s e d  in  
C hapter V I.
CHAPTER XX
MODEL I :  A PERFECT INSPECTION PROCESS WITH
DISPOSAL OF IDENTIFIED DEFECTIVE ITEMS
I n  th e  p ro c e ss  o f  d e v e lo p in g  o f  a  r e a l i s t i c  model o f  th e  
p ro d u c t io n - in s p e c t io n  sy stem , i t  i s  c o n v en ie n t to  s t a r t  w ith  a 
s im p le  m odel assum ing t h a t  d e f e c t iv e  item s i d e n t i f i e d  by th e  in sp e c ­
t io n  p ro c e ss  a re  removed and sc rap p e d . In  a d d i t io n  to  t h i s ,  th e  
fo llo w in g .a s su m p tio n s  a r e  a ls o  made:
1 . The p ro d u c tio n  f a i l u r e  r a t e  ( t^ )  i s  c o n s ta n t a t  any 
p ro d u c tio n  s ta g e  k .
2 . The In s p e c t io n  p ro c e ss  i s  p e r f e c t ly  r e l i a b l e .
3 . D e fe c tiv e  item s  found i n  th e  in s p e c t io n  p ro c e ss  a t  s ta g e  
k  a re  n o t  r e p a i r a b le  and must be  d isp o se d  o f a t  a  con­
s t a n t  u n i t  c o s t  o f  CD, .k
4 . The I n i t i a l  q u a n t i ty  o f  in p u ts  (raw  m a te r ia l s )  i s  S^, 
and th e r e  a r e  no d e f e c t iv e  item s in  S^.
5 . The u n i t  c o s t  o f  p ro d u c tio n  a t  a ay p ro d u c tio n  s ta g e
k i s  c o n s ta n t  w ith  r e s p e c t  to  tim e  and number o f  u n i t s  
p ro c e s s e d .
6 . The u n i t  c o s t  o f  in s p e c t io n  (C I^) a t  any s ta g e  k i s  
c o n s ta n t  and in d ep en d en t o f  th e  in s p e c t io n  a c t i v i t i e s  i n  
th e  p re c e d in g  s ta g e s .
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7. D e fe c tiv e  item s have no v a lu e . I f  th ey  a r e  n o t removed 
from  p ro d u c tio n  s ta g e ,  th e r e  i s  a  p e n a lty  ch arg e  (CH^) 
p e r  u n i t  o f d e f e c t iv e  item s f o r  p o s s ib le  h aza rd s  to  th e  
n e x t p ro d u c tio n  s ta g e .  In  th e  f i n a l  s ta g e ,  i f  th e  d e fe c ­
t i v e  item s  a r e  n o t  removed b u t  a r e  co n se q u e n tly  sh ipped  
to  th e  cu sto m er, th e re  i s  a  p e n a l ty  ch arg e  o f  CH  ̂ p e r 
u n i t  o f  d e f e c t iv e  item s sh ip p e d .
E xpected Number o f  Good Item s i n  th e  F in a l  O utput
W ith th e  assu m p tio n s  o f  a  c o n s ta n t  p ro d u c tio n  f a i l u r e  r a t e  
and no r e p a i r s ,  th e  ex p ec ted  number o f good Item s i n . t h e  f i n a l  o u t­
p u t i s  d e te rm in ed  and i s  c o n s ta n t  r e g a r d le s s  o f  th e  in s p e c t io n  p la n  
ad o p ted .
Assume th a t  th e  i n i t i a l  in p u t  q u a n t i ty  i s  S]_. Then th e  
ex p ec ted  number o f  good ite m s  in  th e  f i n a l  p ro d u c t may be computed 
a s
g = s a - t ±) - a - t 2) . . . a - t N) (2- 1 )
w here G depends upon S-̂  and t_  ̂ o n ly , f o r  i  = 1 , 2 , . . . ,  N. S ince  
b o th  and t^  a r e  assumed to  b e  known p a ra m e te rs  o f  th e  sy stem , G 
i s  p re d e te rm in e d .
R e la tio n s  Among th e  V a r ia b le s  and th e  T o ta l  C ost f u n c t io n
S ta r t in g  w ith  q u a n t i ty  S ^  a f t e r  go ing  th rough  th e  f i r s t  
p ro d u c tio n  o p e r a t io n ,  w hich  h as  a  p ro d u c tio n  f a i l u r e  r a t e  t 1
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a s s o c ia te d  w ith  i t ,  th e  f r a c t i o n  d e f e c t iv e  a f t e r  th e  f i r s t  p roduc­
t io n  s ta g e  and b e fo re  th e  f i r s t  in s p e c t io n  i s
P-L . (2 -2 )
Assume now t h a t  an  in s p e c t io n  i s  perform ed a t  l e v e l  Q^, 
(0<Q^_<1). The fo llo w in g  d iagram  d e p ic t s  th e  r e s u l t s  w hich can  be 
e x p e c te d .
l-Ql
F ig u re  2 -1 : E xpected  R e s u lts  o f  an
In s p e c t io n  P ro ce ss
In  F ig u re  2 -1 , th e  v e r t i c a l l y  shaded a re a  r e p r e s e n ts  th e  
p ro p o r t io n  o f  ite m s  w hich  a r e  d e f e c t iv e .  The h o r i z o n ta l ly  shaded 
a re a  r e p r e s e n ts  th e  p ro p o r t io n  o f  item s w hich a r e  in s p e c te d .  Then 
r e p r e s e n ts  th e  d e f e c t iv e  item s w hich a r e  n o t i d e n t i f i e d  by th e  
in s p e c t io n  p ro c e ss  and 1^ r e p r e s e n ts  th e  d e f e c t iv e  item s w hich a re  
i d e n t i f i e d  by th e  in s p e c t io n  p ro c e s s .  M a th e m a tic a lly , and 1^ a re  
computed a s
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U1 = P1 ‘ 0 - " V  (2 -3 )
and I 1 = (2 -4 )
As f o r  th e  c o s t s  o f  th e s e  p ro d u c tio n  and in s p e c t io n  a c t i v i t i e s ,  
fo u r  com ponents a r e  in v o lv e d ;  c o s t  o f  p ro d u c t io n ,  c o s t  o f  i n s p e c t io n ,  
c o s t  o f  d is p o s in g  o f  th e  i d e n t i f i e d  d e f e c t iv e  i te m s , and  c o s t  o f  
p o s s ib le  h a z a rd s  to  th e  n e x t  p ro d u c tio n  o p e r a t io n  cau sed  by  th e  
u n id e n t i f i e d  d e f e c t iv e  i te m s . M a th e m a tic a lly , th e s e  fo u r  c o s t  com­
p o n en ts  a r e  com puted a s
TCP1 = S1 "CP^, (2 -5 )
TCI-l «  Sx • Qx * CI1 , (2 -6 )
TCD1 ~ S ^ P ^ Q ^ C D ^  (2 -7 )
and T C ^  = S1 *P1 -(1 -Q 1)*CH1 . (2 -8 )
T hus, th e  t o t a l  c o s t  o f  s ta g e  1 o f  th e  sy stem  i s  th e  sum o f  
th e  above fo u r  te rm s . i . e . ,
C-l = S ^ tC P  +  Q -C l +  P -Q -CD + P • (1-Q )-CH ] .  (2 -9 )
-*■ i  1 X I  1 1 1 1
A f te r  th e  i n i t i a l  in s p e c t io n  and d i s p o s a l  o f  th e  d e f e c t iv e  
ite m s  i d e n t i f i e d ,  th e  number o f  item s  re m a in in g  and t h e i r  f r a c t i o n  
d e f e c t iv e  to  e n te r  th e  n e x t p ro d u c tio n  s ta g e  becomes*'
^ In  th e  d i s p o s a l  m odel, th e  number o f  ite m s  and f r a c t i o n  
d e f e c t iv e  b e fo re  and a f t e r  th e  in s p e c t io n - d i s p o s a l  p ro c e s s  a r e  d i f ­
f e r e n t .  T h e re fo re , two s e t s  o f  n o ta t io n s  a r e  n eed ed . H ere , S and 
P r e p r e s e n t  th e  b e f o r e  in s p e c t io n  v a r i a b l e s  and S ' and  P * a r e  th e  
a f t e r  th e  in s p e c t io n  v a r i a b l e s .
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S ' l  “  Sl ' (1" Pl Ql ) (2~10)
. = p i -u -c
1 l - P lQ l
and P ’ = . (2 -11)
P '^  i s  th e  p ro p o r t io n  o f  d e f e c t iv e  item s  a lre a d y  in  th e  p ro d u c t b a tc h  
b e fo re  th e  second p ro d u c tio n  o p e ra t io n . A fte r  th e  second p ro d u c tio n
o p e ra t io n ,  w hich h a s  a  p ro d u c tio n  f a i l u r e  r a t e  t 2 , th e  new f r a c t i o n
d e f e c t iv e  i s
P2 = P ’ i  + ( l - P ’p - ^
„ P l ( V Q l ) . +  u  .  W l ) j . t
l - P lQ l l - P lQ l 2
= F i  -  p i Q i  +  t 2 -  P iQ x t 2 ~  P j t 2  +  ? i Q i t 2 
1 -  p iQ i
= P1 P1^3. + t 2 p l t 2  ̂ (2 -12)
i  -  * iQ i
The q u a n t i ty  o f  p ro d u c t e n te r in g  th e  second p ro d u c tio n  s ta g e  i s
S2 = S’i  = S-ĵ I-P-iQ-l) .  (2-13)
W ith P2 and S2 d e te rm in e d , an in s p e c t io n  p ro c e ss  perform ed a t  le v e l  
Q2 a t  s ta g e  2 w i l l  r e s u l t  i n  th e  same m a th em atica l form  o f c o s t  a s  
in  s ta g e  1 . T hat i s
C2 = S2 *[CP2 + Q2 CI2 +  P2Q2CD2 + P2 (1_Q2)GH2l* (2 -14)
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The ex p ec ted  number o f  item s  rem a in in g  and f r a c t i o n  d e f e c t iv e  a f t e r  
th e  in s p e c t io n  p ro c e ss  and d is p o s a l  o f  th e  i d e n t i f i e d  d e f e c t iv e  
item s  a t  t h i s  s ta g e  h a s  th e  same form  as  t h a t  o f s ta g e  1 . Thus,
S '2 = S2 -(1 -P 2Q2) (2 -15)
and P ' ,  = - 1.' . (2 -16)
2 1 * * 2 ^
These two v a lu e s  w i l l  s e rv e  as  in p u ts  to  d e te rm in e  th e  r e s u l t s  o f  
th e  t h i r d  p ro d u c tio n  s ta g e  -  th e  c o s t ,  number o f  i te m s , and f r a c t i o n  
d e f e c t iv e .  A ll  o f th e s e  a re  de te rm in ed  in  th e  same fa s h io n  a s  th ey  
a r e  in  th e  f i r s t  two s ta g e s .  These r e l a t i o n s  among th e  v a r ia b le s  
from  s ta g e  to  s ta g e  and t h e i r  c o s t  f  rm u la tio n  a r e  summarized i n  
T ab le  2 -1 .
P u t t in g  a l l  th e  s ta g e s  to g e th e r ,  th e  t o t a l  c o s t  o f  a l l  s ta g e s  
o f th e  p ro d u c tio n  in s p e c t io n  system  i s  
N N
TC = 1 C± = I  S1 -[CPi  + Q±CIi  + PiQiCDj. +  Pi ( l-Q 1)CHi ] .  (2 -17)
However, th e  o p tim a l in s p e c t io n  p la n  i s  n o t n e c e s s a r i ly  ach iev ed  a t  
minimum TC b u t r a t h e r  a t  a  minimum t o t a l  c o s t  p e r  u n i t  of good f i n a l  
p ro d u c t ,  o r minimum UC=TC/G. I n  th e  p re s e n t  m odel, G i s  p r e d e te r ­
m ined. T h a t i s ,  no m a tte r  w hat in s p e c t io n  p la n  i s  u sed , th e  number 
o f  good item s in  th e  f i n a l  o u tp u t i s  th e  sam e. T h e re fo re , i f  TC i s  
a t  a  minimum, UC i s  a ls o  a t  a  minimum.
Thus, th e  problem  o f o p tim a l a l l o c a t io n  o f in s p e c t io n  e f f o r t s  
in  a  m u l t i - s ta g e  p ro d u c tio n  p ro c e s s  fo r  t h i s  s p e c ia l  model i s  to
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f in d  a s e t  o f  Q^, Q^, . . • Qjj* which w i l l  m inim ize th e  fo llo w in g  
fu n c t io n :
N
TC = S Si -[CPi  + Q±CI1 +  PlQ iCD± + P1 (l-Q i )CHi ] > (2 -18)
s u b je c t  to
0 <_ Q± <_ 1 f o r  i  = 1 , 2 , . . N, (2 -19)
where
\  -  s k - i U - pk - i W  <2- 2«
and
P. = Fk -1  ~ Pk - lQ k - l  + ck  -  . (2_21)
1 - VA-i
P ro o f t h a t  th e  O ptim al V alues o f  a r e  Zero o r  One
As can be se e n  from  th e  p re v io u s  s e c t io n s ,  in  th e  d is p o s a l
model o f th e  p r o d u c t io n - in s p e c t io n  sy s te m , th e r e  i s  o n ly  one con­
t r o l l a b l e  v a r i a b l e ,  Q. M oreover e a r l i e r  v a lu e s  o f  Q a f f e c t  th e  
l a t e r  Q 's .  T h is  i s  a t y p i c a l  dynamic programming prob lem . In  t h i s  
s tu d y , a lth o u g h  dynamic programming i s  n o t u sed  to  s o lv e  f o r  th e  
o p tim a l in s p e c t io n  p la n ,  i t  i s  used to  p ro v e  a  v e ry  im p o rta n t p rop­
e r ty  o f  t h i s  m odel; to  o p tim iz e  th e  p ro d u c tio n  in s p e c t io n  system , 
th e  in s p e c t io n  l e v e l  a t  each  s ta g e  m ust b e  e i t h e r  z e ro  p e rc e n t  o r
100 p e rc e n t  o f  th e  item s p roduced .
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The b a s ic  p r in c ip l e  b eh ind  dynamic programming i s  th e  p r in ­
c ip l e  o f o p t im a l i ty  w hich may be  s t a t e d  a s  "an o p tim a l p o l ic y  has 
th e  p ro p e r ty  t h a t  w h a tev er th e  i n i t i a l  s t a t e  and d e c is io n  a r e ,  th e  
rem a in in g  d e c is io n s  m ust c o n s t i t u t e  an  o p tim a l p o l ic y  w ith  re g a rd  to
o p t im a l i ty  a llo w s one to  d iv id e  th e  t o t a l  prob lem  in to  many subprob­
lems and s o lv e  th e  l a s t  subproblem  f i r s t ,  th e n  w ork backw ard and 
s o lv e  th e  s e c o n d - to - la s t  subproblem , and so on , u n t i l  th e  f i r s t  sub­
problem  i s  s o lv e d .
In  o u r m odel, l e t  TC^ d e n o te  th e  t o t a l  c o s t  from s ta g e  i  to  
th e  te rm in a l  p o in t  o f  th e  system  and TC*^ d e n o te  th e  o p tim a l c o s t  
from  s ta g e  i  to  th e  te rm in a l  p o in t  o f  th e  sy stem . From T ab le  2 -1 , 
i t  can  be seen  th a t  P i s  a fu n c t io n  o f  Q and S i s  a  fu n c t io n  o f P 
and Q. A c lo s e  ex am in a tio n  o f th e  r e l a t i o n s  among P , S , and Q 
r e s u l t s  in  a  v e ry  im p o r ta n t f in d in g .  T hat i s ,  Q a f f e c t s  o n ly  suc­
ceed in g  v a lu e s  o f  P and S and h a s  no e f f e c t  on p re c ed in g  o r  concu r­
r e n t  v a lu e s  o f  P and S. Thus, P^ can be s t a t e d  a s
th e  s t a t e  r e s u l t i n g  from  th e  f i r s t  d e c i s io n ." 2 The p r in c ip l e  o f
(2-22)
or
Pk =  f (2 -23)
2B ellm an , R. E. Dynamic Program m ing, P r in c e to n  U n iv e rs i ty  
P r e s s ,  (1 9 5 7 ), p . 83 .
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Similarly, can be stated as
Sk “  f 2 <'Sk - l ’ Pk-1* q i ’ q 2> ‘ ‘ \ - i ^  (2-24)
o r
Sk = V Sk -l>  Pk - 1 ’ W  * C2" 25)
On th e  o th e r  hand,
TCi  = gCSi ’ V  V  * (2-26)
W ith th e s e  r e l a t i o n s  i n  m ind , th e  r e c u r s iv e  fu n c t io n s  o f  a  
dynamic programming fo rm u la t io n  o f  th e  p r o d u c t io n - in s p e c t io n  system  
may be e x p re ssed  a s
TC*n = q<^n< i 8 ^sn ,p n , cV  * f o r  th e  l a s t  s t a Se > (2 -27)
and
TC‘ i  ■ 0? £ < 1  f M W O i ’ +  “ W S + i ’^ + i ................ Q5 ) I - (2- 28)
f o r  i  = 1 , 2 , . . N - l .
In  E q u a tio n  2 -2 8 , Ci (Si , P.^, Q±) i s  th e  im m ediate c o s t  a t  s ta g e  i ,  
(see  E q u a tio n  2 - 9 ) ,  and Q°_. r e p r e s e n ts  th e  o p tim a l l e v e l  o f  Q a t  
s ta g e  j .
B eginn ing  a t  s ta g e  N, th e  o p tim a l p o l ic y  i s
TC*N -  0<Qvt<1 PN’ qn>“ PT“
man
OlQ ^-<1 V  (CPN +  + W « + V W  CV  ■ <2' 29)
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S ince  P^ and Sjj a re  a f f e c te d  l i n e a r l y  by Qjj (see  E q u a tio n s  
2-20 and 2 -2 1 ) ,  i t  i s  obv ious t h a t  TC^ i s  a  l i n e a r  fu n c tio n  o f  Q^. 
G iven a l i n e a r  f u n c t io n ,  th e  minimum can o n ly  e x i s t  a t  an  ex trem e 
p o in t  o f  th e  ra n g e  o f  th e  in d ep en d en t v a r i a b l e .  As t h i s  m odel i s  
d e f in e d  th e  ex trem e p o in ts  o f  Qjj a r e  0 and 1 . T h is  i s  d e p ic te d  in  
F ig u re  2 -2 . TC
i
F ig u re  2 -2 : Minimum P o in ts  o f L in e a r  F u n c tio n s
Thus, Q° = 0 o r  1 ,  and 
N
tc*8 -  V  [CPN + q"ncxn +  V Ds  +  • (2- 30)
S ince  CPjj, C I^ , CD  ̂ and CH  ̂ a r e  c o n s ta n t ,  no m a tte r  w hat v a lu e  
ta k e s ,  E q u a tio n  2 -30  may be w r i t t e n  in  a  g e n e r a l  form as
TC* = a  S + b S P N N N N N N *
(2-31)
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where and bjq depend upon th e  v a lu e s  o f  CP^, CIN, CD^, CHjj and < *Y  
S u b s t itu t in g  E quation  2 -2 0  and 2 -21  in t o  Equation 2 -3 0 , r e s u l t s  in
tc*n -  V w O -'m W  + V h (r h V i >
“ aNSN 1̂-PN -1QN-1^ + bNSN -l^ PN“ l""PN - A - l ’f t N~F'N -lt:N^’ 2̂“32  ̂
R earranging E quation  2 -3 2 , TC*^ can  b e  w r it t e n  a s
TC*N = ANSN -1 +  BNSN-1PN -1 +  CNSN-1PN -1% -1 * (2 -3 3 )
O b v io u sly , E quation 2 -33  i s  a l in e a r  fu n c t io n  o f  
At s ta g e  N - l
TCV l  = OlQN_1<ltSN-l(CPN-l+QN-lCIN-l'+PN-lQN-lCDN-l+PN-l(;l"QN-l5
CHN_ l)+ TC*N] • (2-34)
S in ce  b o th  term s in  th e  b r a ck e ts  a r e  l in e a r  fu n c t io n s  o f  % _ i j  th e
minimum o f  TC„ . can  o n ly  e x i s t  when Q„ . = 0 or 1 .  Thus,N -l JN—1
IC‘ N- 1  -  SN - l t CV l ^ \ - l CIN -l+PN - l<!V l CV 1+V l (1- q ' 1, - l )CV l ! +
(ANSN-1+BNSN -1PN-1+CNSN-1PN -1Q°N -15 * (2 -3 5 )
E quation 2 -3 5  may b e s im p li f ie d  a s
TC*N-1 = “N - l V l  +  bN - lSN - lPM-l* (2 -3 6 )
where a„ ,  and b„ , h ave  s im ila r  form s to  a and b .N-l N-l N N
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S u b s t i tu t io n  o f  E q u a tio n  2-20 and E q u a tio n  2-21 in to  E q u a tio n  2 -3 6 , 
y ie ld s
TC* = A S + B S P  + C S P Q ,  (2 -37 )
N -l N -l N-2 N -l N-2 N-2 N -l N-2 N-2 N-2
Here as  in  E q u a tio n  2 -3 3 , an<* S j - l  a re  dependen t upon
CP, C l, CD, CH and The same p ro c e d u re  may be  a p p lie d  to  a l l
s ta g e s .  Assuming t h a t  th e  system  i s  a t  s ta g e  i+ 1 , th e  fo llo w in g  a re  
o b ta in e d :
Q°i+1* Q° i+ 2 ’ * * ’ ’ Q°N = 0 o r  1
and
IC* i+ l  = Ai + l Si  +  Bl +l Si Pi  +  Ci + l Sl Pi^ i*  C2- 38)
w hich i s  a  l i n e a r  fu n c t io n  o f  Q.
Then
T° * i  = 1 Si * tCPi 'Kii CIi +Pi Qi CDi +:Pi (1" Qi )CHi 1 + TC* i+ l  (2 -39)
O b v io u sly , TC_̂  i s  a l s o  a  l i n e a r  fu n c t io n  o f Q^. T hus, Q°^ *= 0 o r  1 .
In  c o n c lu s io n , i t  may be  s a id  t h a t ,  based  upon th e  assu m p tio n s  
o f  t h i s  m odel, th e  o p tim a l in s p e c t io n  p la n  in  a  m u l t i - s ta g e  p roduc­
t io n  p ro c e ss  o f  t h i s  k in d  can  o n ly  be ach iev ed  when th e  in s p e c t io n  
l e v e l  a t  a l l  s ta g e s  i s  a t  e i t h e r  z e ro  p e rc e n t  o r  100 p e rc e n t .  Thus 
th e  problem  o f  f in d in g  th e  o p tim a l a l l o c a t i o n  o f  in s p e c t io n  e f f o r t s  
becomes v e ry  s im p le  and can  be so lv e d  by a  ne tw ork  te c h n iq u e .
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Approach to  S o lu t io n  o f  th e  Model f o r  th e  O ptim al In s p e c t io n  P lan
In  th e  l a s t  s e c t i o n ,  i t  was shown th a t  th e  o p tim a l in s p e c ­
t io n  p la n  f o r  a  p ro d u c t io n - in s p e c t io n  sy stem , assum ing th a t  th e  
d e f e c t iv e s  a re  s c ra p p e d , can  o n ly  be a ch ie v e d  when th e  in s p e c t io n  
l e v e l  a t  a l l  s ta g e s  i s  a t  e i t h e r  z e ro  o r  100 p e r c e n t .  This means 
t h a t  th e r e  a r e  o n ly  two c h o ic e s  a f t e r  each  p ro d u c tio n  o p e ra t io n — a 
f u l l  s c a le  in s p e c t io n  o r  no in s p e c t io n  a t  a l l .
In  th e  N -s ta g e  p ro d u c tio n  p ro c e s s  w ith  a  c h o ic e .o f  e i t h e r
f u l l  s c a le  in s p e c t io n  o r  no in s p e c t io n  a t  a l l  a f t e r  each  p ro d u c tio n
- No p e r a t io n ,  th e re  a r e  2 p o s s ib le  ways to  choose th e  in s p e c t io n  
p o in t s .  The w hole p r o d u c t io n - in s p e c t io n  system  and i t s  u n d e r ly in g  
d e c is io n s  may be d e s c r ib e d  by a  d e c is io n  t r e e  a s  shown in  F ig u re  2 -3 ,
O
w here N=3. T here  a r e  c l e a r ly  e ig h t  (2 ) p o s s ib le  ways to  s e t  up th e  
in s p e c t io n  p la n .
The d e c is io n  t r e e  o f  th e  p r o d u c t io n - in s p e c t io n  system  may be 
c h a r a c te r iz e d  by s t a g e s ,  s t a t e s ,  and in s p e c t io n  a l t e r n a t i v e s .
1 . S tag e  -  The s ta g e  o f a  p ro d u c t io n - in s p e c t io n  system  i s  
d e f in e d  by th e  p ro d u c tio n  o p e r a t io n s . The p r o d u c t io n - in s p e c t io n  
system  i s  a t  s ta g e  j  i f ,  and on ly  i f ,  th e  j t h  p ro d u c tio n  o p e ra t io n  
h as  j u s t  been  com pleted  and th e  p ro c e ss  i s  read y  to  e n te r  p ro d u c tio n  
o p e ra t io n  j+ 1 . In  F ig u re  2 -3 , th e r e  a r e  th r e e  s ta g e s .
2 . S ta te  -  A s t a t e  o f  a  p ro d u c t io n - in s p e c t io n  system  r e p r e ­
s e n ts  a p o s s ib le  s c e n a r io  in  a  p r o d u c t io n - in s p e c t io n  system  in  
term s o f  the  s ta g e s  a t  w hich in s p e c t io n s  have o c c u r re d . The s t a t e
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i s  d e f in e d  by th e  s ta g e  and th e  p re c e d in g  in s p e c t io n  a c t i v i t i e s .
For exam ple, th e re  a r e  fo u r  p o s s ib le  s t a t e s  a t  s ta g e  two in  F ig u re
2 -3 . Each r e s u l t s  i n  a  d i f f e r e n t  s e t  o f  in s p e c t io n  a c t i v i t i e s .
Each r e p r e s e n ts  f e a s i b l e  c h o ic e . In  t o t a l ,  th e r e  a r e  f i f t e e n  p o s­
s i b l e  s t a t e s  in  a  th r e e  s ta g e  p ro d u c tio n  in s p e c t io n  system  a s  shown 
in  F ig u re  2 -3 . G e n e ra lly  th e  t o t a l  number o f  s t a t e s  in  an  N s ta g e  
p ro d u c tio n  in s p e c t io n  system  i s  2 ^ " ^ - l .3
3 . I n s p e c t io n  A l te r n a t iv e  -  A s e t  o f  c o n se c u tiv e  s t a t e s ,  one 
from each  s ta g e ,  from  th e  s t a r t  o f  th e  system  to  th e  end o f  th e  sy s ­
tem i s  an  in s p e c t io n  a l t e r n a t i v e .  F o^fe  th r e e  s ta g e  p ro d u c tio n  
in s p e c t io n  sy stem , th e r e  a r e  e ig h t  in s p e c t io n  a l t e r n a t i v e s .  G e n e ra lly
th e  t o t a l  number o f  p o s s ib le  in s p e c t io n  a l t e r n a t i v e s  f o r  an  N s ta g e
Np ro d u c tio n  in s p e c t io n  system  i s  g iv e n  by 2 .
To d e te rm in e  th e  o p tim a l in s p e c t io n  a l t e r n a t i v e  I t  i s  n e c e s ­
s a ry  to  know th e  c o s t  o f  each  s t a t e  i n  th e  sy stem . The c o s t  compu­
t a t io n s  a r e  c a r r ie d  o u t a s  d is c u s s e d  in  th e  p re v io u s  s e c t io n  f o r  th e  
o p tim a l in s p e c t io n  l e v e l  d e te rm in a tio n . The d e t a i l s  w i l l  be  d i s ­
cussed  i n  th e  l a t e r  s e c t io n s .  Assume f o r  th e  moment t h a t  th e  c o s t  
f o r  each  s t a t e  a r e  known. The t o t a l  c o s t  o f  an  in s p e c t io n  a l t e r n a ­
t iv e  i s  th e n  th e  sum o f th e  c o s ts  o f  th e  s t a t e s  in  th a t  a l t e r n a t i v e .
To f in d  th e  o p tim a l in s p e c t io n  p la n  a l l  t h a t  i s  needed i s  to  p ic k
3Due to  th e  im p o s s ib i l i ty  o f  IBM com puters to  u se  ze ro  as  a  
s u b s c r ip t ,  th e re  i s  no s t a t e  0 i n  t h i s  d e c i s io n - t r e e  s e t  up o f th e  
p ro d u c t io n - in s p e c t io n  sy stem . S ta te  1 r e p r e s e n ts  th e  i n i t i a l  s t a t e  











F ig u re  2 -3 : D e c is io n -T re e  o f a  H y p o th e tic a l  T h ree -S tag e  P ro d u c tio n -
inspection System
42
th e  in sp e c tio n , a l t e r n a t i v e  w hich g iv e s  th e  l e a s t  t o t a l  c o s t  f o r  th e  
whole p ro d u c tio n  in s p e c t io n  p ro c e s s .
As shown in  F ig u re  2 -3 , a  th r e e  s ta g e  p ro d u c tio n  in s p e c t io n  
system  has o n ly  e ig h t  p o s s ib le  in s p e c t io n  a l t e r n a t i v e s .  The se a rc h  
f o r  th e  o p tim a l in s p e c t io n  a l t e r n a t i v e  i s  e a sy  in  t h i s  c a s e . I f ,  
how ever, th e r e  i s  a  la r g e  number o f  s ta g e s  in  th e  p ro d u c tio n  p ro c e ss  
th e r e  w i l l  be  a  la r g e  number o f  p o s s ib le  in s p e c t io n  a l t e r n a t i v e s .
The s e a rc h  may be v e ry  tim e-consum ing . F o r tu n a te ly ,  a modern com­
p u te r  f a c i l i t y  can h e lp  in  com puting th e se  c o s t s  and s e a rc h in g  fo r  
th e  o p tim a l in s p e c t io n  p la n  v e ry  f a s t  and e f f i c i e n t l y .
S im p l i f ic a t io n  o f  th e  In d ex in g  System
In  o rd e r  to  u se  th e  com puter f o r  an e f f i c i e n t  s e a rc h  f o r  th e  
o p tim a l p la n ,  th e r e  m ust be a  s y s te m a tic  m ethod o f  d e f in in g  th e  s t a t e  
numbers in  th e  p ro d u c tio n  in s p e c t io n  system . From a d e c is io n  t r e e  
s e t - u p  o f  th e  p ro d u c t io n - in s p e c t io n  sy stem , i t  h a s  been s a id  t h a t  a 
s t a t e  i s  d e f in e d  by th e  s ta g e  and in s p e c t io n  a c t i v i t i e s  o f  p re v io u s  
s ta g e s .  T h e re fo re , an e f f i c i e n t  way to  d e f in e  th e  s t a t e  number i s  
by two s u b s c r ip t s :  one i n d ic a te s  th e  p ro d u c tio n  s ta g e ,  and th e
o th e r  in d ic a te s  th e  p o s s ib le  s i t u a t i o n  d e te rm in ed  by th e  in s p e c t io n  
a c t i v i t i e s  p r io r  to  t h a t  s ta g e .  For exam ple, s t a t e  ( i , j , i = l ,  2 ,
i
. . . ,  N, j = l ,  2 , . . . , 2  -1 )  i s  th e  s t a t e  o f  th e  system  when th e  
p ro c e ss  i s  read y  to  e n te r  s ta g e  i+ 1  and i t  i s  in  th e  j t h  p o s s ib le  
s i t u a t i o n  a t  th a t  s ta g e .
T here i s ,  how ever, a  s e r io u s  drawback to  t h i s  doub le  sub­
s c r i p t  d e f i n i t i o n  i f  a  com puter i s  to  be used  to  f in d  th e  s o lu t io n .
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For an N s ta g e  p ro d u c tio n  l i n e ,  i n  o rd e r  to  co v er a l l  th e  p o s s ib le
s t a t e s ,  a  DIMENSION (N ,2^) s ta te m e n t I s  needed f o r  N-2^ re se rv e d
N+lsp a c e s . However, o n ly  2 -1  s to r a g e  sp aces  a re  a c tu a l ly  needed .
There w i l l  be a  trem endous w aste  o f  com puter sp ace  i f  N i s  l a r g e . '
T h e re fo re , i f  p o s s ib le ,  a  s in g le  s u b s c r ip te d  system  sho u ld  be used
to  d e f in e  th e  s t a t e s .  T h is  can be done by c o n s tr u c t in g  th e  w hole
d e c is io n  t r e e  o f  th e  p ro d u c t io n - in s p e c t io n  system  by fo llo w in g  th e
o rd e r  o f  n o n - in s p e c tio n  and in s p e c t io n  s t a t e s  and a s s ig n in g  each
N+ls t a t e  a v a lu e  from  1 to  2 -1  a s  shown in  F ig u re  2 -4 . Some v e ry
im p o rtan t p a t te r n s  can be I d e n t i f i e d  from th e  f ig u r e  and g en era ­
l i z e d  to  any N -s tag e  p ro d u c tio n  p ro c e s s .
1 . An even numbered s t a t e  means t h a t  th e r e  i s  no in s p e c t io n  
in  t h a t  s t a t e  and a  s t a t e  w ith  an  odd number a ss ig n e d  (e x c ep t s t a t e  
1 which r e p re s e n ts  th e  in p u t)  i s  one w ith  an in s p e c t io n .
2 . The s t a t e  number o f  an im m ed ia te ly  p re c e d in g  s t a t e  o f  an 
even numbered s t a t e  i s  alw ays one h a l f  th e  number o f  t h i s  s t a t e .  
T h is can be seen  from  F ig u re  2 -4 .
3 . The r e l a t i o n  betw een th e  s ta g e  ( i )  and s t a t e  (n) may be 
de te rm in ed  by i  = IN T (log2n ) .
4 . Every s t a t e  number can  be s e p a ra te d  in to  two p a r t s :  one
i s  2 ( i  i s  an in te g e r )  and th e  o th e r  i s  a r e s id u a l .  The r e s id u a l
±





1 = 2°  +  0
==0
(1 . 0)
2 =  2 + 0
(1. 1)
8 = 2 + 0
(2 . 0)--------o
! 4 = 2 + 0
(3 .1 )
(3 .2 )
(2 . 1 )
(3 .3 )
11 = 23 + 3
_ ( 3 .4 )
12 = 23 + 4
(2 . 2 )













13 = 23 + 5 
(3 .6 )
14 = 2J + 6






15 = 23 + 7
F ig u re  2 -4 : Assignment of State Numbers
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2 =  21 +  0
3 = 2l  + 1
14 = 23 + 6
15 -  23 +  7
From t h i s  p a t t e r n ,  i t  can be seen, t h a t  th e  ex p onen ts  o f 2 can be used  
to  i n d ic a te  th e  s ta g e  a t  w hich th e  s t a t e  i s  lo c a te d  in  th e  p ro d u c tio n  
l i n e  and th e  r e s id u a l s  can be u sed  to  i d e n t i f y  th e  d i f f e r e n t  p o s s ib le  
s i t u a t i o n s  a t  t h a t  s ta g e .  T h is  a c tu a l ly  s e rv e s  th e  same fu n c t io n  a s  
th e  doub le  s u b s c r ip te d  d e f i n i t i o n .
5 . The r e s id u a l s  w i l l  a ls o  be used  to  in d ic a te  w hat has been 
done in  p re v io u s  s t a t e s .  T h is  can be done by w r i t in g  th e  r e s id u a ls  
as b in a ry  numbers and l e t t i n g  th e  ex p onen ts  o f  2 d en o te  how many d i g i t s  
sh o u ld  be used  f o r  th e  b in a ry  num bers. For exam ple, t h i s  can be 
w r i t t e n  a s  fo llo w s :
2 =  21 +  0 0
3 = 21 + 1 1
4 = 22 +  0 00
01
6 = 22 +  2 10
7 = 22 + 3
8 =  23 +  0 000
11
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9 = 23 + 1   001
*
15 = 23 + 7 -----111
L e t 1 b e  used  to  I n d ic a te  t h a t  an in s p e c t io n  h a s  been  made and 0
2
in d ic a te  no in s p e c t io n .  Then s t a t e  C6)> w r i t t e n  as  6 = 2 + 2  — 10,
d en o tes  t h a t  two p ro d u c tio n  o p e ra t io n s  have been  com pleted and an 
in s p e c t io n  was perform ed a f t e r  th e  f i r s t  o p e ra t io n  b u t  th e re  was no 
in s p e c t io n  a f t e r  th e  second  o p e r a t io n .
From th e  above p a t t e r n ,  i t  can be  seen  t h a t  a  s in g le  sub­
s c r ip te d  d e f i n i t i o n  o f  s t a t e s  can  p e rfo rm  th e  same fu n c tio n  a s  a 
doub le  s u b s c r ip te d  d e f i n i t i o n .  A c tu a lly  a l l  t h a t  was done was to  
w r i te  s t a t e  ( i , j )  a s  s t a t e  (n=2:̂ - j ) .
R ec u rs iv e  R e la t io n  Between Two C o n secu tiv e  S ta te s  o f  th e  Model w ith  
D isp o sa l
From th e  d e c i s io n - t r e e  f o r  th e  p ro d u c t io n - in s p e c t io n  sy stem , 
i t  i s  c l e a r  t h a t  i f  th e  c o s t  f o r  each  p o s s ib le  s t a t e  can be d e te r ­
m ined, th e  o p tim a l in s p e c t io n  p la n  can  e a s i l y  be  i d e n t i f i e d .  To 
d e te rm in e  th e  c o s t  o f  a  s t a t e  (n) i n  th e  model w ith  d i s p o s a l ,  i t  
i s  n e c e s sa ry  to  have  in fo rm a tio n  a b o u t Sn and P^ . I f  n i s  even , 
m eaning th a t  th e re  i s  no in s p e c t io n  a t  t h a t  s t a t e ,  Sn and depend 
o n ly  upon th e  in p u t  to  th e  s t a t e ,  o r  th e  o u tp u t o f  i t s  im m edia te ly  
p re c e d in g  s t a t e  [ s t a t e  ( n * ) ] .^  I n  f a c t
^ In  th e  d is p o s a l  m odel, n*= IN T (n /2 ).
w here i  « INT ( lo g 2n) .
The s t a t e  number o f  th e  im m ed ia te ly  p re c e d in g  s t a t e  f o r  an 
even  s t a t e  i s  alw ays o n e -h a lf  o f  th e  c u r r e n t  s t a t e  num ber, i . e . ,
n* = n /2
o r
and
Sn = S -n /2  (2 -4 2 )
Pn  = P '„ / 2  +  <1- p 'n / 2 > 't i  ‘ (2 ' 43)
The c o s t  o f t h i s  s t a t e  ( f o r  n o t  in s p e c t in g )  i s  th en
C = S fCP. +  P CH.) . n n v x n 1
S in ce  th e re  i s  no in s p e c t io n ,  Sn w i l l  e n te r  to  th e  n e x t s ta g e
unchanged . Thus
S ' = S (2 -4 4 )n  n
and
P* = P . (2 -45)n  n
I f  n i s  an  odd num ber, t h i s  means th e r e  i s  an  in s p e c t io n  in
t h a t  s t a t e .  B efo re  th e  in s p e c t io n  S and P a r e  th e  same a s  th e
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im m ediate ly  p reced in g  u n in sp ec ted  s t a t e  w hich must be s t a t e  n - l .  
That i s ,
Sn  = Sn_x (2-46)
and
p-  = pn - l  * (2~47)n
The c o s t  o f t h i s  s t a t e  i s  th en
Cn = Sn (CRi  + CIi  + PnCIV  (2 -48)
S ince i t  i s  assumed th a t  a l l  th e  d e fe c t iv e  item s w i l l  be 
found and d isp o sed  o f ,  th e  o u tp u t o f  t h i s  s t a t e  (o r th e  in p u t  fo r  
th e  n e x t s ta g e )  a r e :
S ' n  -  ( :M 9 >
and
P* = 0 . (2-50)n
In  summary, th e  r e c u r s iv e  r e l a t i o n s  betw een two co n se c u tiv e
s t a t e s  a re  as  fo llo w s :
I f  n i s  odd, = Sn_^,
P = P n n - l
C = S (CP. + C l. + P CD.), (2-51)n n i  i  n  I
s 'a '  Sn » - V *
and P^ = Q.
w here i  = INT ( l c ^ n ) .
The above summary shows th a t  i f  can  be d e te rm in e d , th en
P,,, S , and C, f o r  k = 2 ,3 , . . .  can  a l s o  be d e te rm in e d . S ince
K k  k
i s  th e  i n i t i a l  q u a n t i ty  o f in p u t  and P ]= 0 , b o th  and P^ a re  
g iv e n  p a ra m e te rs  o f th e  system  and th e r e  i s  no problem  o f  d e te rm in in g  
th e  c o s ts  o f  each  p o s s ib le  s t a t e .  The o p tim a l p la n  can th e n  be 
d e te rm in e d . The r e l a t i o n s  betw een c o n se c u tiv e  s t a t e s  a r e  summarized 
in  F ig u re  2 -5 . The c o s t  co m pu ta tion  p ro c e d u re  may be  d e p ic te d  as  
i n  th e  com puter flo w  c h a r t  i n  F ig u re  2 -6 .
An Example o f  th e  P r o d u c t io n - in s p e c t io n  Model w ith  D isp o sa l
Assume, f o r  exam ple, t h a t  th e re  i s  a  m an u fac tu rin g  p ro c e ss  
c o n s is t in g  o f  seven  s e q u e n t ia l  p ro d u c tio n  o p e r a t io n s .  The n e c e s sa ry  
in fo rm a tio n  r e l a t e d  to  th e  h y p o th e t ic a l  p ro c e ss  i s  a s  fo llo w s :
The i n i t i a l  q u a n t i ty  o f  in p u ts  i s  1000 u n i t s .
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S ta te  4
s 4 = S '
P4 = P ’ 2 + ( l - p ' 2 ) , t 2
S ta te  2
s2 - s’x
P2 = + ( l - P 'p - t j L
C2 = S2 (CP1 + P ^ H ^
s'2 - s2 
P*2 -  S2
S ta te  5
SS 4
P = P 
L 5 4
C5 = S5 (CP2 + P5CD2)
S ta te  1tt
S ta te  6
S ta te  3
S ta te  7
P1 0
F ig u re  2 -5 : R ec u rs iv e  R e la t io n s  o f  Two C o n secu tiv e  S ta te s  in
D isp o sa l M odel o f P r o d u c t io n - in s p e c t io n  System
START
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Read in  NS, SI 
t ( i ) ,C P ( l ) ,C I ( i ) ,C D ( i ) ,C H ( i )
! S (k )= S (k -l)  
! P (k)=P(k-1) < -
: C (k)= S (k)*C P (I)+ S (k)*C I(I)
+ S (k)(P (k )*C D (I)I 




p ( i )  = o 
S ( i)  = SI 
PA(1) = PCX) 
PA(1) = S ( l)





i s  k 
an odd number
No S (k)= S (k /2 ) } |P (k )= P A (k /2 )+ (l-P A (k /2 )|)*  
t ( I )









I f t*  1
F ig u re  2 -6 : Cost Com putation Flow C hart fo r  P ro d u c tio n - in s p e c tio n  Model Assuming
D isp o sa l o f D e fec tiv e  Item s l'ound
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P ro d u ctio n
s ta g e t CP Cl CD CH
1 .01 $15.00 $ .90 $ .01 $ 5 .00
2 .05 10.00 1.00 .01 6 .00
3 .03 24.00 1 .20
CMO• 7 .00
4 .04 26.00 .80 .03 4 .00
5 .07 18.00 1.10 .04 9.00
6 .10 30.00 1.15 .05 10.00
7 .06 22.00 1 .00 .06 40.00
These d a ta  were th en  p u t in to  a  com puter program  developed 
from F ig u re  2-6 to  compute th e  c o s ts  fo r  each s t a t e  and th e  r e s u l t  
i s  p re se n te d  in  Appendix 2-A. A program  to  se a rc h  f o r  th e  o p tim a l 
in s p e c tio n  p la n  by enum erating  a l l  th e  p o s s ib le  in s p e c t io n  a l t e r ­
n a t iv e s  was developed from  F ig u re  2-7 and F ig u re  2 -8 . The r e s u l t  
showed th a t  th e  o p tim a l in s p e c tio n  p la n  f o r  t h i s  example i s  to  in ­
s p e c t  th e  p ro d u c ts  a f t e r  th e  seco n d , f o u r th ,  f i f t h ,  s ix th  and 
sev e n th  p ro d u c tio n  o p e ra tio n s  and n o t to  in s p e c t  th e  p ro d u c ts  a f t e r  
th e  f i r s t  and th i r d  p ro d u c tio n  o p e ra t io n s . The u n i t  c o s t  p e r good 
item  i s  $193.01. T his r e p re s e n ts  th e  minimum expected  u n i t  c o s t  
th a t  must be sp e n t to  produce a f a u l t - f r e e  f i n a l  p ro d u c t. The 
com puter program  and th e  o u tp u t a re  p re se n te d  in  Appendix 2-B.
C onclusion
The model developed in  t h i s  c h a p te r  can be used to  id e n t i f y  
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p ro c e sse s  where th e  m ajor d e te rm in an t o f  th e  in s p e c t io n  c o s t  i s  th e  
c o s t  o f  rem oving th e  item s from  th e  p ro d u c tio n  l i n e  and p re p a rin g  
f o r  th e  in s p e c tio n  t e s t s .  A lso , i t  i s  assumed th a t  th e  c o s t  o f  
r e p a i r in g  d e fe c t iv e  item s i s  r e l a t i v e l y  h ig h  and i t  i s  cheaper to  
sc ra p  them. P ro v id in g  th a t  th e  p ro d u c tio n  p ro c e ss  and human f a c to r s  
a re  f a i r l y  s ta b le  over a lo n g  p e r io d  o f tim e, th e  p a ram ete rs  o f  th e  
system  should  be c o n s ta n t th ro u g h  tim e .
The system  p aram eters  and d a ta  needed fo r  t h i s  model a r e :
1 . The o r ig in a l  q u a n t i ty  o f  raw m a te r ia l  in p u ts .
2 . The p ro d u c tio n  f a i l u r e  r a t e  in  each p ro d u c tio n  s ta g e .
3 . The u n i t  c o s ts  o f  p ro d u c tio n , in s p e c t io n ,  and d is p o s a l  
f o r  each p ro d u c tio n  o p e ra tio n  ( th e se  a r e  assumed to  be 
c o n s ta n t p e r  u n i t ) .
4 . There i s  a  p e n a lty  charged  f o r  d e fe c t iv e  item s which a re  
n o t removed from th e  p ro d u c tio n  l i n e .
To u se  th e  com puter program  developed f o r  t h i s  m odel, f i r s t  
re ad  in  th e  number o f  p ro d u c tio n  s ta g e s  o f th e  system  and th e  s t a r t ­
in g  t o t a l  o f raw m a te r ia l  in p u ts  in  a Format ( I 5 ,F 1 0 .2 ) .  Next i t  
re ad s  in  th e  p ro d u c tio n  f a i l u r e  r a t e ,  th e  p ro d u c tio n  c o s t ,  in sp e c ­
t io n  c o s t ,  d is p o s a l  c o s t ,  and th e  h aza rd  p e n a lty  o f each s ta g e  in  
a Format (5F 10 .2 ).
The program  o u tp u t w i l l  l i s t  a l l  th e  c o s t  in fo rm a tio n  f o r  
a l l  p o s s ib le  s t a t e s ,  in d ic a t in g  th e  a c tio n s  which shou ld  be tak en  
f o r  th e  o p tim a l in s p e c tio n  p la n .  The minimum ex p ec ted  c o s t  o f  th e
56
o p tim a l p la n  a lo n g  w ith  i t s  expected  f r a c t io n  d e fe c t iv e  in  th e  f i n a l  
p ro d u c ts  a re  a ls o  g iv en .
The m ethodology used  in  t h i s  s tu d y  f o r  th e  se a rc h  f o r  th e  
o p tim a l p la n  th ro u g h  a  netw ork  se a rc h  te ch n iq u e  i s  s u b s ta n t i a l ly  
d i f f e r e n t  from th o se  used i n  p rev io u s  s tu d ie s  on th e  s u b je c t .
In s te a d  o f t r y in g  to  f in d  an a n a ly t ic  s o lu t io n  f o r  th e  o p tim a l 
in s p e c t io n  p la n , th e  approach  h e re  i s  to  s e t- u p  th e  p ro d u c tio n -  
in s p e c t io n  system  as a  d e c i s io n - t r e e  o r  ne tw ork , do a  com plete 
en u m era tio n , and se a rc h  f o r  th e  minimum c o s t .  At each p o in t  o f 
th e  p ro d u c tio n  p ro c e ss , an e s tim a te  i s  made o f  bo th  th e  c o s t  o f  
in s p e c t in g  and th e  c o s t  o f  n o t in s p e c t in g .
The d e c is io n - t r e e  fo rm u la tio n  o f  p ro d u c tio n - in s p e c t io n  
system s has two ad v an tag es:
1 . I t  i s  easy  to  u n d e rs tan d .
2. I t  i s  v e ry  easy  to  add c o n s t r a in t s  fo r  q u a l i ty  r e q u ir e ­
ments and l im i t a t i o n s  on in s p e c t io n  e f f o r t s .  This can 
be dem onstra ted  in  th e  n e x t few p a ra g rap h s .
M o d if ic a tio n  o f th e  Model to  Impose a  F in a l  Q u a lity  Requirem ent
Assume th a t  in  a  c e r t a i n  p ro d u c tio n  p ro c e ss , management s t a t e s  
t h a t  th e  f r a c t io n  d e fe c t iv e  in  th e  f i n a l  o u tp u ts  shou ld  n o t exceed a 
s p e c i f ie d  p e rc e n t .  To meet t h i s  re q u ire m e n t, i t  i s  n e c e ssa ry  to  
a s s u re  t h a t  th e  in s p e c tio n  p la n  b e in g  chosen as  th e  o p tim a l p la n  
s h a l l  n o t have a  f i n a l  s t a t e  w ith  a f r a c t i o n  d e fe c t iv e  over th e
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re q u ire d  maximum. In  o th e r  w ords, s t a t e s  w ith  f r a c t io n s  d e fe c t iv e  
g r e a te r  th an  t h i s  le v e l  in  th e  f i n a l  s ta g e  shou ld  never be con­
s id e re d  fo r  th e  o p tim a l p la n .  T his i s  n o t d i f f i c u l t  to  accom plish .
In  th e  com putation  o f P ^ , a  re c o rd  o f th e  f r a c t io n  d e fe c t iv e  has 
been k e p t f o r  each s t a t e .  To meet th e  f i n a l  q u a l i ty  re q u ire m e n t, 
a l l  t h a t  i s  n e ce ssa ry  i s  to  a s s ig n  a v e ry  la rg e  c o s t  to  th e  s t a t e s  
in  th e  f i n a l  s ta g e  w hich have a  f r a c t i o n  d e fe c t iv e  g r e a te r  th a n  th e  
s p e c if ie d  maximum a c c e p ta b le  p e rc e n ta g e . D uring th e  se a rc h  f o r  th e  
op tim al p la n ,  th e  s t a t e s  w ith  l a r g e r  f r a c t io n s  d e fe c t iv e  in  th e  f i n a l  
s ta g e  can nev er be chosen .
Changing th e  c o s t  to  a  v e ry  la r g e  v a lu e  can be  accom plished 
by l e t t i n g  ev ery  s t a t e  i n  th e  f i n a l  s ta g e  go th rough  a  s u b ro u tin e  
w hich w i l l  compare th e  f r a c t i o n  d e f e c t iv e  o f each s t a t e  w ith  th e  
maximum a llo w a b le  f r a c t io n  d e f e c t iv e .  Every s t a t e  w ith  a  f r a c t io n  
d e fe c t iv e  g r e a te r  th an  th e  maximum a llo w ab le  f r a c t i o n  w i l l  be 
changed to  a  v e ry  la rg e  c o s t  r e l a t i v e  to  o th e r  c o s ts  in  th e  model. 
T his s u b ro u tin e  may be re p re s e n te d  by th e  com puter flow  c h a r t  In  
F ig u re  2 -9 .
L im ita tio n  on In s p e c tio n  E f f o r t
In  th e  model a s  d e f in e d  th u s  f a r  i t  i s  assumed th a t  th e  
p o s s ib le  in s p e c t io n  e f f o r t  i s  u n lim ite d . In  some c a s e s ,  due to  
budget o r  space  l im i t a t i o n s ,  th e  in s p e c t io n  e f f o r t  a llo w ab le  may 
n o t be u n lim ite d . I f  th e  a llo w a b le  in s p e c tio n  e f f o r t  i s  l im i te d ,
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t h i s  l im i ta t io n ,  may be ex p re ssed  by th e  t o t a l  number o f  in s p e c t io n  
s t a t i o n s .  For exam ple, management may s t a t e  t h a t  th e  maximum number 
o f in s p e c t io n  s t a t i o n s  in  th e  p ro d u c tio n  p ro c e ss  i s  to  be y (y^N ). 
T h is s ta te m e n t w i l l  make some in s p e c t io n  p la n s  w ith  low er c o s ts  
i n f e a s ib l e  b ecau se  th e y  r e q u i r e  more th a n  y in s p e c t io n  s t a t i o n s .
In  o rd e r  to  d e te rm in e  w hich in s p e c t io n  a l t e r n a t i v e s  a re  
ex c lu d ed  by t h i s  c o n s t r a i n t ,  i t  i s  n e c e s sa ry  to  d e te rm in e  how many 
in s p e c t io n  s t a t i o n s  th e r e  a r e  i n  each  p o s s ib le  a l t e r n a t i v e .  T h is 
can  b e  done by th e  te ch n iq u e  su g g es te d  e a r l i e r  o f  decom posing th e
j •
s t a t e  number i n  th e  f i n a l  s ta g e  in to  n=2 + j (where j^.21 ) and th e n  
e x p re s s in g  j  a s  a  b in a ry  num ber. I t  h a s  a lre a d y  been  shown t h a t  a  
b in a ry  number can b e  used  to  i d e n t i f y  w hat h a s  been  done in  th e  
p re v io u s  s t a t e s  such  th a t  a  "one" i n  th e  b in a ry  number in d ic a te s  
t h a t  an  in s p e c t io n  was perform ed and a  ''z e ro "  means t h a t  th e re  was 
no in s p e c t io n .  I f  th e  "ones"  a r e  added up , th e  sum sh o u ld  r e p r e ­
s e n t  th e  t o t a l  number o f  in s p e c t io n s  needed to  re a c h  t h i s  s t a t e .  
T h e re fo re , i f  th e r e  a r e  more th a n  y  "o n es"  in  th e  b in a ry  number f o r  
some s t a t e s ,  t h i s  means t h a t  th e s e  s t a t e s  a r e  n o t f e a s i b l e  and 
sh o u ld  n ev e r be  in c lu d e d  i n  th e  o p tim a l p la n .  An in f e a s ib l e  s t a t e  
can be  excluded  from  th e  p o s s ib le  o p tim a l p la n s  i n  th e  same fa s h io n  
a s  was done to  im pose a  q u a l i ty  re q u ire m e n t; i . e . ,  th ro u g h  a  sub­
r o u t in e  w hich changes th e  c o s ts  o f  th o se  s t a t e s  r e q u i r in g  more th an  
y  in s p e c t io n  s t a t i o n s  to  a  v e ry  la r g e  v a lu e .  The u n i t  c o s t  com­
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chang ing  p ro ced u re  i s  conducted  by a  com puter program  a s  o u t l in e d  in  
th e  f lo w - c h a r t  i n  F ig u re  2 -1 0 .
An Example W ith a  Q u a li ty  R equirem ent and In s p e c t io n  L im ita t io n
U sing  th e  same exam ple as  in  th e  p re v io u s  s e c t io n ,  assume 
th a t  f o r  some s p e c ia l  r e a s o n s ,  management d e c id e s  t h a t  th e  f r a c ­
t i o n  d e f e c t iv e  in  th e  f i n a l  o u tp u t can n o t exceed th re e  p e rc e n t  and 
th a t  th e r e  can b e  no more th a n  th r e e  in s p e c t io n  s t a t i o n s .
Adding th e s e  two c o n s t r a i n t s ,  th e  fo llo w in g  approach  can  be 
ta k e n . A f te r  com puting th e  c o s t  in fo rm a tio n  f o r  each  p o s s ib le  s t a t e  
in  th e  sy stem , and b e fo re  th e  s e a rc h  f o r  th e  o p tim a l in s p e c t io n  p la n  
has been  m ade, r e j e c t  th o se  in s p e c t io n  a l t e r n a t i v e s  w hich r e s u l t  in  
a  f r a c t i o n  d e f e c t iv e  g r e a te r  th a n  th r e e  p e rc e n t  o r  w hich r e q u i r e  
more th a n  th re e  in s p e c t io n  s t a t i o n s  to  a c h ie v e  th e  q u a l i ty  r e q u i r e ­
m ent. T h is  can  b e  done by a p p ly in g  th e  s u b ro u tin e s  d eveloped  in  th e  
p re v io u s  s e c t io n s  to  th e  s t a t e s  o f  th e  f i n a l  s ta g e  to  change th e  
c o s ts  to  a  v e ry  la r g e  v a lu e  f o r  th o se  s t a t e s  becoming i n f e a s i b l e  due 
to  th e  new c o n s t r a i n t s .
Adding th e s e  c o n s t r a in t s  to  th e  com puter program s i n  t h i s  
exam ple r e s u l t s  in  an o p tim a l in s p e c t io n  p la n  to  in s p e c t  th e  p ro ­
d u c ts  a f t e r  th e  seco n d , f i f t h ,  and s e v e n th  p ro d u c tio n  s ta g e s  w ith  
no in s p e c t io n  a f t e r  th e  f i r s t ,  t h i r d ,  f o u r th ,  and s ix th  p ro d u c tio n  
s ta g e s .  The u n i t  ex p ec ted  c o s t  i s  $196 .63 ; h ig h e r  th a n  f o r  th e  p la n  
w ith  no c o n s t r a in t s  on q u a l i ty  o r  in s p e c t io n  e f f o r t s .  The com puter 
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O ther A ssum ptions
One hundred p e rc e n t  e f f e c t iv e n e s s  has been  assumed in  th e  
in s p e c t io n  p ro c e ss  to  t h i s  p o in t .  I t  has a l s o  b een  assumed th a t  
th e  s a lv a g e  v a lu e s  o f  a l l  i d e n t i f i e d  d e f e c t iv e  ite m s  a r e  z e ro . I f  
th e se  assu m p tio n s  a r e  n o t v a l i d ,  th e  e f f e c t iv e n e s s  o f th e  In s p e c t io n  
p ro c e ss  w i l l  a f f e c t  th e  f r a c t i o n  d e f e c t iv e  in  each  s t a t e  and th e  
s a lv a g e  v a lu e  w i l l  a f f e c t  th e  in s p e c t io n  c o s t s .  T h is , in  tu r n ,  w i l l  
a f f e c t  th e  ex p ec ted  c o s t  a t  each  s t a t e .  S in ce  t h i s  w i l l  change th e  
whole s t r u c t u r e  o f  th e  p ro d u c t io n - in s p e c t io n  sy stem , r e l a x a t io n  o f 
th e s e  a ssu m p tio n s  w i l l  be  d e fe r re d  to  th e  l a t e r  c h a p te r s .
CHAPTER III
MODEL IX: PERFECT INSPECTION PROCESS
WITH REPAIRED DEFECTIVE ITEMS
I n  t h i s  m odel, a l l  th e  assu m p tio n s  used  in  Model I  c o n tin u e  
ex ce p t t h a t  th e  d e fe c t iv e  item s  found in  th e  in s p e c t io n  p ro c e ss  a re  
now assumed to  be r e p a i r a b le  and must be r e p a ir e d  a t  a c o n s ta n t u n i t  
c o s t  CR^. CR^ r e p r e s e n ts  th e  av erag e  r e p a i r  c o s t  p e r  u n i t  o f  d e fe c -
penden t o f  th e  ty p e  o f  d e f e c ts  an ite m  p o s se se s  .
R e la t io n s  Among th e  V a r ia b le s  in  th e  T o ta l  C ost F u n c tio n
Assume th a t  th e  system  s t a r t s  w ith  a  q u a n t i ty  o f  raw 
m a te r ia ls  in p u t  e n te r in g  th e  f i r s t  p ro d u c tio n  o p e ra t io n  w hich has a 
p ro d u c tio n  f a i l u r e  p r o b a b i l i ty  t ^ .  The f r a c t i o n  d e f e c t iv e  a f t e r  th e  
f i r s t  p ro d u c tio n  o p e ra t io n  and b e fo re  th e  in s p e c t io n  i s  ex p ec ted  to  
be
Assume th a t  th e  in s p e c t io n  i s  perform ed a t  l e v e l  Q^, w here 0<Q^<1. 
As in  Model I ,  th e  ex p ec ted  p ro p o r t io n s  o f  d e f e c t iv e  item s b e in g  
i d e n t i f i e d  and n o t i d e n t i f i e d  in  th e  in s p e c t io n  p ro c e s s  a re






ui = Pit1- V  • (3~3)
The c o s t  fo rm atio n  i s  th en  a s  fo llo w s :
The p ro d u c tio n  p ro c e ss  w i l l  c o s t  a  t o t a l  o f
TCP̂  ̂ = . (3 -4 )
The in s p e c t io n  p ro c e ss  w i l l  in c re a s e  th e  t o t a l  c o s t  o f  th e  p roduc- 
t io n - in s p e c t io n  system  by
TCI1 -  W CI1 ’ <3' 5)
The d e f e c t iv e  item s i d e n t i f i e d  by th e  in s p e c t io n  p ro cess  w i l l  in c re a s e  
th e  t o t a l  c o s t  by
T C ^  = S1 *P1 *Q1 -CR1 . (3 -6 )
f o r  t h e i r  r e p a i r .  The u n id e n t i f i e d  d e f e c t iv e  item s m ight in c re a s e  th e  
t o t a l  c o s t  o f  th e  system  as  a  r e s u l t  o f  t h e i r  p o s s ib le  h a z a rd  to  th e  
n ex t p ro d u c tio n  o p e r a t io n .  The c o n tr ib u t io n  o f  t h i s  f a c to r  to  th e  
t o t a l  c o s t  can be e x p re sse d  as
T C ^  = S ^ P ^ a - Q ^ - C l ^  . (3 -7 )
T h e re fo re , th e  t o t a l  c o s t  o f  th e  f i r s t  s ta g e  p ro d u c tio n -  
in s p e c t io n  a c t i v i t i e s  w i l l  be sum o f  th e  above fo u r te rm s . Thus,
0 l  -  S l - [CP1 +  +  P ^ C R j  +  . (3 -8 )
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S in c e  th e  d e f e c t iv e  ite m s  i d e n t i f i e d  in  th e  in s p e c t io n  p ro c e s s  
w i l l  be  r e p a i r e d  and become good ite m s  and be p u t back  in  th e  p ro d u c t 
b a tc h ,  th e  t o t a l  number o f  ite m s  in  th e  p ro d u c t b a tc h  a f t e r  th e  in s p e c ­
t i o n  i s  th e  same a s  th e  q u a n t i ty  b e fo re  th e  in s p e c t io n  s in c e  n o th in g  
i s  rem oved. T hus,
In  f a c t ,  th ro u g h  th e  w hole p r o d u c t io n - ln s p e c t io n  p ro c e ss  th e  number in  
th e  p ro d u c t b a tc h  w i l l  n o t  change. As f o r  th e  f r a c t i o n  d e f e c t iv e  in  
th e  p ro d u c t b a tc h  a f t e r  th e  in s p e c t io n  p ro c e s s  and r e p a i r ,  th e  f o l ­
low ing  a d ju s tm e n t m ust be  made. S in c e  i d e n t i f i e d  d e f e c t iv e  ite m s  w i l l  
be  r e p a i r e d  and become good i te m s ,  th e  f r a c t i o n  d e f e c t iv e  a f t e r  th e  
in s p e c t io n  w i l l  o n ly  be th e  p ro p o r t io n  o f  u n id e n t i f i e d  d e f e c t iv e s .
T h u s ,
T h is  f r a c t i o n  d e f e c t iv e  w i l l  e n t e r  th e  n e x t  s ta g e  o f  p ro d u c t io n .
W ith P '^  as  th e  f r a c t i o n  o f  d e f e c t io n  i te m s  a lr e a d y  i n  th e  
p ro d u c t b a tc h  b e fo re  th e  second  p ro d u c tio n  o p e r a t io n ,  w ith  p ro d u c tio n  
f a i l u r e  r a t e  t 2 , th e  new f r a c t i o n  d e f e c t iv e  a f t e r  th e  second  p ro d u c ­
t i o n  o p e ra t io n  w i l l  be
(3 -9 )
(3 -1 0 )
p 2 = P t i +  a - p ^ ) * ^
= P1 ( l-Q 1) +  [ l - P ^ l - Q ^ ] ' ^ (3 -11 )
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Assume now th a t  an in s p e c t io n  i s  perform ed a t  s ta g e  2 a t  a  l e v e l  Q2 , 
w here 0<_Q2 <L. The t o t a l  c o s t  o f  p ro d u c tio n  and in s p e c t io n  a t  s ta g e  
2 ta k e s  th e  same form a t  s ta g e  1 . T hus,
C2 = S2 .[C P2 +  Q2CI2 + P2Q2CR2 + P2 (1-Q2)CH2] . (3-12)
The number o f  u n i t s  o f  p ro d u c t rem ain in g  and th e  f r a c t i o n  d e fe c t iv e  
a f t e r  th e  in s p e c t io n  and r e p a i r  w i l l  a ls o  ta k e  th e  same form as  in  
s ta g e  1 . Thus,
S '2 = S2 (3-13)
and
P '2 = P2 (l-Q 2) . (3 -14)
In  o th e r  w ords, th e  c o s t  f o r  e v e ry  s ta g e  can be de term in ed  in  
th e  same way a s  th e  f i r s t  tw o. In  summary, th e  r e l a t i o n s  among th e  
v a r ia b le s  and th e  c o s t  fo rm u la t io n  a t  each  s ta g e  I s  a s  shown In  
T ab le  3 -1 .
P u t t in g  a l l  th e  s ta g e s  to g e th e r ,  th e  t o t a l  c o s t  o f  th e  p roduc­
t io n - ln s p e c t io n  system  i s  g iv en  by 
n
TC « 2 ^  = Z Si *[CP± +  Qi CIi  + +  P1 (l-Q i )CH±] (3-15)
As s a id  In  th e  p re v io u s  c h a p te r ,  th e  o p tim a l s o lu t io n  i s  n o t 
n e c e s s a r i ly  ach iev ed  a t  minimum TC b u t r a th e r  a t  minimum t o t a l  u n i t
c o s t  p e r  good f i n a l  o u tp u t .  T h e re fo re , th e  u n i t  c o s t  p e r  good f i n a l
p ro d u c t must be com puted. A f te r  th e  f i n a l  in s p e c t io n  and r e p a i r  in  
th e  f i n a l  s ta g e ,  th e  number o f  good item s w i l l  be
1 2 3 4 5 6 7
S tage  # o f Item s P ro d u c tio n  F ra c tio n  D e fec tiv e  In s p e c tio n  I d e n t i f i e d  U n id e n tif ie d
E n te r F a i lu r e  B efore  In s p e c tio n  L evel D e fec tiv e  D efec tiv e
B ate P ro p o rtio n  P ro p o rtio n
1 S l- S l t L P ^ t  QL i 1=p 1 -q1
2 S2= S '2 t 2 P2=P’+ ( l - P p - t 2 Q2 I2=P2*Q2 V P2(1~V
=P1 Cl-Q1)+ l-P 1 Cl-Q1) * t 2
" Pl " Pl (* lM:2“Pl t 2+Pl (*l ‘ t 2
N
N
TC = E S1 [CP1 + Qi CIi  + P ^ C ^  + Pi ( l “Q±)CHi ] 
UC = TC -  TCG Sl ( l - P K+PHQH)
T able 3 -1 : R e la tio n s  Among th e  V a ria b le s  and th e  Cost F orm ula tion  fo r  th e  R epair Model
--j
P ro d u c tio n  In sp e c tio n  R epair
11 12 13 14
Hazard Cost
S1F1(1~V CH1
s 2p 2( i - q2) ch2
T able 3 -1 : Continued
O'
C O
T o ta l Cost P ra c tio n  o f Item s
D e fec tiv e  a f t e r  a f t e r  In sp e c tio n  
In sp e c tio n
12=8+9+10+11 Sj=P1 (l-Q 1)
s$-?2 a-q2> s;=s2
UC = ™  =
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g = sn(1-pV
= SN* U -P Na - Q N)]  (3-16)
= sn ( 1- p n+pnqn ) .
T hus, th e  c o s t  p e r  u n i t  o f  good f i n a l  p ro d u c t i s
r - sn(i-v pmv 'iI
(3-17)
S ince  in  t h i s  model th e  number o f  item s w i l l  n o t change,
T h e re fo re , „N
CP.+Q.CI.+P.Q .CR.+P. (1-Q.)CH,
uc -  W  ■ * *  * -  • <3-« >
N N N
where
pi  -  +  [1- p1- l (1- <!l - 1)1 '* i
” Pl - 1  “ Pi - l ‘5i - l  + *1 ~ Pi - l t t  +  Pi - l Ql - l t i '  (3-19)
I f  UC i s  a t  i t s  minimum, th e  in s p e c t io n  p la n  i s  o p tim a l. In  
E qu a tio n  3 -1 8 , Q i s  th e  o n ly  c o n tro l  v a r i a b le .  T h e re fo re , th e  p ro b ­
lem o f o p tim a l a l l o c a t io n  o f  in s p e c t io n  e f f o r t  in  t h i s  model i s  to  
f in d  a s e t  o f  Q’s  which w i l l  m inim ize E q u a tio n  3 -1 8 .
R ecu rs iv e  F u n c tio n  o f  A Dynamic Programming F o rm u la tio n
As in  th e  p re v io u s  model in  C hap ter I I ,  to  d e te rm in e  th e  o p tim a l 
in s p e c t io n  p la n ,  th e  p r in c ip l e  o f  o p t im a l i ty  o f  dynamic programming i s  
used  to  p rove  an im p o rtan t p ro p e r ty  in  th e  c o s t  fu n c t io n .  To do t h i s ,  
th e  fo llo w in g  d e f in i t i o n s  a r e  u sed .
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UC  ̂ = t o t a l  u n i t  c o s t  from s ta g e  i  to  th e  te rm in a l p o in t  o f 
th e  system
and UC  ̂ = o p tim a l u n i t  c o s t  from  s ta g e  i  to  th e  te rm in a l p o in t  o f  
th e  system
From T able 3 -1 ,  i t  i s  easy  to  s e e  t h a t  P i s  a  fu n c t io n  o f  Q, and Q 
a f f e c t s  P o n ly  in  l a t e r  s ta g e s .  T hat i s
83 Q2 * * * •»
o r
p r * £ <pk - i -  < W  <3- 20>
T hus,
= g(P i , Q± , . . Qn ) (3 -21)
W ith th e s e  r e l a t i o n s  in  m ind , th e  r e c u r s iv e  fu n c tio n  o f  a
dynamic programming fo rm u la tio n  o f  th e  problem  may be e x p re sse d  as
DC* ■ 0 ^ 1  V  • (3 - 22>
and
-  o fq" < l  [ Cl P £ ’-Q- '  +UC*+ 1 ,(Q °+ 1 , q ‘ + 2 ................... Q °)l (3 -23)
f o r  i = l , 2 ,  . . N - l .  Here i s  th e  im m ediate c o s t  a t
s ta g e  i  and Q? i s  th e  o p tim a l Q a t  s ta g e  j .
The O ptim al L ev e l o f  In s p e c t io n  —  Q?
B efo re  d e te rm in in g  th e  o p tim a l v a lu e  o f  Q a s  used  h e re  one 
theorem  and i t s  c o r o l la r y  m ust be p ro v ed .
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Theorem 1 : The q u o t ie n t  o f  two l i n e a r  fu n c t io n s  o f  one
v a r i a b l e  i s  a  m onoton ic  in c r e a s in g  o r  d e c re a s in g  
f u n c t io n .
P ro o f :
Assuming f ( x )  = »
w here c+dx^O,
th e n  f ' (x ) = b (c+dx) -d  (a+bx) _ b c -d a
(c+dx)^ (c+ dx)^
C le a r ly ,  th e  v a lu e  o f  x  h a s  no e f f e c t  on th e  s ig n  o f  f ' ( x ) .  
Thus f ( x )  i s  a  m ono ton ic  in c r e a s in g  o r  d e c re a s in g  f u n c t io n  o f  x .  
W hether i t  i s  an in c r e a s in g  o r  d e c re a s in g  f u n c t io n  depends upon th e  
s ig n  o f  b c -d a .  A p o s i t i v e  s ig n  r e p r e s e n t s  a  m ono ton ic  in c r e a s in g  
f u n c t io n ,  n e g a t iv e ,  a  m ono ton ic  d e c re a s in g  f u n c t io n .
C o ro llo ry  1 : The sum o f  two m onoton ic  q u o t ie n t  fu n c t io n s  i s
a; m ono ton ic  in c r e a s in g  o r  d e c re a s in g  fu n c t io n  i f  
th e  d en o m in a to rs  o f  th e  two q u o t ie n t  fu n c t io n s  
a r e  th e  sam e.
P ro o f :
* j /  v a+bx , e+ fx  A ssum ing g (x ) = +  - j j g j  ,
th a n  g '( x )  = b c ~da,  +  f c ~d e .  = b5 - dat .f a .- da .
(c+dx). (c+dx) (c+dx)
S in ce  x  has no e f f e c t  on th e  s ig n  o f  g f ( x ) , g (x ) i s  e i t h e r  a  mono­
t o n i c  in c r e a s in g  o r  a m ono ton ic  d e c re a s in g  fu n c t io n  o f  x .
The o b je c t iv e  now i s  to  d e te rm in e  th e  o p tim a l v a lu e  o f  Q 's .  
S t a r t i n g  from  s ta g e  N,
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UCN
*  = min f (P  0 ) O ^Q ^l N N
_ ndn CPN̂NC V W V V 1" V  CHN
o iQnI I 1_p n+pnqn
(3 -24 )
Note t h a t  CPjj , CX^, and CHjj a re  c o n s ta n t  and th a t  does n o t
a f f e c t  P ^ . C le a r ly ,  b o th  th e  n u m era to r and th e  denom ina to r o f  th e
r i g h t  hand s id e  o f  th e  above fu n c tio n  a r e  l i n e a r  In  Q^. From Theorem
1 , i t  can be seen  th a t  UC„ i s  a  m onotonic fu n c tio n  o f  Q„. F o r aN N
m onotonic f u n c t io n ,  th e  minimum v a lu e  can  o n ly  be found a t  an ex trem e 
p o in t  o f  th e  f u n c t io n .  Thus Q" must be e i t h e r  0 o r  1 . T h is  can be 




F ig u re  3 -1 : Minimum P o in ts  o f  M onotonic F u n c tio n s
CP^ CV PH W PNa - <!N)CHN
UCS * (3-25)
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W hether Q® e q u a ls  to  0 o r  1 , UC* can be w r i t t e n  in  th e  g e n e ra l form
eNPN
■ ( 3 ' 2 6 )
where a ^ , b ^ , b jj, d^ and eN a re  computed a s  co m bina tions o f  C I^ , CPN, 
CBy, CH  ̂ and Q^. The l a t t e r  i s  0 o r  1 and a l l  a re  c o n s ta n t .
S u b s t i tu t i n g  E q u a tio n  3-19 in to  E qu a tio n  3-26 r e s u l t s  in
uc* = dN+eN(PN -l"FN -lQN -l+ tN~'PN - l t N't':E>N -lQU -lt:N) ( 3 - 2 7 )
N aN+bN(PN -l-P N -lQN -l+ tN~PN -lt NfPN -lQN -lt N̂
w here t ^  i s  a  c o n s ta n t .  R ea rran g in g  th e  above f u n c t io n ,  th e  fo llo w in g  
g e n e ra l  form  r e s u l t s :
uc* _ dn + Vn-i + Vk-iVi {2
U K " V+ bnph-i_+ Vn-i'V7 ’ ( )
In  t h i s  c a s e ,  A^, B^, C^, D^, E^ and a re  computed as com bina tions
° f  aN’ hn*  CN* ®N m d  t N* 3 1 1  c o n s ta n t*
Backing up one s ta g e  to  s ta g e  N -l
_ min rCFN - l ^ N - l CIN -l+PN -lQN -lCRN -l+PN - l(1 ' QN -l)CHN -l
u c S - i  -  o ^ i  i -----------------------------------------------------------------------------------------------S I
° r  " " I  "
. PN * Vb-1 + (3 -2 9 )1
*N + V»-l + VWVl '
' i - W S = W h W h '  See E q u a tio n s  3' 2 5 ’ 3' 2 6 '
3 -2 7 , and 3 -2 8 .
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A ll th e  term s i n  E q u a tio n  3-29  a r e  c o n s ta n t ex cep t Pjj_^ an<  ̂ Qjj ^ But 
i s  n o t a f f e c te d  by C le a r ly ,  th e  n u m era to rs  and denomina­
to r s  o f  b o th  term s in  th e  r i g h t  hand s id e  o f  E q u a tio n  3-29 a re
l i n e a r  fu n c tio n s  o f  Q„ F u rth e rm o re , th e  denom ina to rs  o f  th e  twoN—1
term s a re  th e  sam e. From c o r o l la r y  1 , UCjj ^ must be a  m onotonic
fu n c tio n  o f  Q„ ... T h e re fo re , in  o rd e r  to  m inim ize UC„ ,  , Q., - m ust N -l N -l N -l
be e i t h e r  0 o r  1 .




\  + b n p n -i + V n -i q n -i
(3 -30)
W hether Q* ^ i s  0 o r  1 , E qu a tio n  3-30 can be s im p l i f ie d  as
uc* .  dH -l *  W n-1  {3. 31)
N -l a. + b P 'T I-1 1 - 1 1 - 1
S u b s t i tu t in g  E q u a tio n  3-19 in to  E q u a tio n  3 -3 1 , y i e ld s
UC* = dN -l+eN -l (FN-2~FN-2QN-2+ tN -l~PN-2t N -l+FN-2QN-2 t N -l ( ^ 3 2 )
11-1 ^ - l ^ N - l  CPN-2"FN-2QN-2+ tN -l"PN-2t N-2+PN-2QN-2t N-l^
In  t u r n ,  t h i s  e q u a tio n  may be s im p l i f ie d  as
UC* = DN-1 +  EN -lFN-2 +  HN -lPN-2QN-2  ̂ (3 -33 )
N“ 1 \ - l  +  BN -lPN-2 +  CN -lFN-2QN-2
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From th e  a n a ly s is  o f  th e  above two s t a g e s ,  i t  i s  c le a r  t h a t  Q“ and 
must be e i t h e r  0 o r  1 to  be o p tim a l and UC* and UC* 1 can  be
Assume t h a t  th e  same a n a ly s i s  has been c a r r i e d  to  s ta g e  1 and
^ i+ 1 * ^ i+ 2 * * * * * ^ ave to  t a ^e °n a  v a lu e  o f  0 o r  1 , and
UC*+^ may be e x p re ssed  as
O b v io u s ly , Q° i s  e i t h e r  0 o r  1 a l s o .
By m a th e m a tica l in d u c t io n ,  i t  may be concluded  th a t  i n  o rd e r  to  
m in im ize  UC, (E q u a tio n  3 -18) th e  in s p e c t io n  l e v e l  a t  a l l  s ta g e s  o f th e  
sy stem  must be e i t h e r  z e ro  p e rc e n t  o r  100 p e r c e n t .  Based upon t h i s  
c o n c lu s io n , th e  problem  o f  d e te rm in in g  an o p tim a l in s p e c t io n  p la n  
f o r  th e  r e p a i r  model o f  th e  p ro d u c tio n  in s p e c t io n  system  can  be 
s o lv e d  in  th e  same fa sh io n  as  was done f o r  th e  d is p o s a l  model -  by 
c o n s t r u c t in g  a  t r e e  d iagram  and u s in g  each b ran ch  a s  a p o s s ib le  s t a t e .
R ec u rs iv e  R e la t io n s  o f  C osts f o r  Two C o n secu tiv e  S ta te s
w r i t t e n  as a  q u o t ie n t  fu n c tio n  o f  two l i n e a r  fu n c t io n s  o f  P„ , andN -l
(3-34)
Then
* = rain r i  1 i  i l l  i  s i 7 
i  -  0<Q i< l ‘ A1+1 +  B1+1E1 +  C1+ 1FiQ i (3-35)
As can been  seen  from th e  p re v io u s  m odel, s o lu t io n  f o r  th e  
o p tim a l in s p e c t io n  p la n  r e q u ir e s  c o s t  in fo rm a tio n  f o r  ev ery  p o s s ib le  
s t a t e  in  th e  sy stem . In  o rd e r  to  compute th e  c o s t  o f  each  p o s s ib le
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s t a t e  th e  number o f  item s in p u t to  each  s ta g e  and t h e i r  f r a c t io n
d e f e c t iv e ,  S and P , a re  need ed . In  t h i s  m odel, s in c e  n o th in g  w i l l  n n
be removed from  th e  p ro d u c t b a tc h ,  th e  t o t a l  number o f  item s in p u t 
f o r  ev ery  s t a t e  in  th e  sy stem  i s  alw ays S^. Thus Sn=S^, f o r  a l l  n .
P^ i s  th e n  dependent upon th e  f r a c t i o n  d e f e c t iv e  a f t e r  th e  
in s p e c t io n  o f  th e  p re v io u s  s t a t e  ( P 'n*) and th e  p ro d u c tio n  f a i l u r e  
r a t e  o f  th e  c u r r e n t  s ta g e  ( t ^ ) . From E q u a tio n  3-11
P «* P* +  (1 -P ' . ) . t ,  (3 -36)n np N n * ' i
where np i s  th e  im m edia te ly  p re c e d in g  s t a t e  p r io r  to  n .  The r e l a t i o n  
betw een n and I  can be d e te rm in ed  by
i  = IN T (log2n)
I f  th e  model assum ing r e p a i r s  i s  s e t  up in  a  d e c is io n  t r e e ,  in  
th e  same fa s h io n  a s  th e  model assum ing d i s p o s a l ,  th e  number o f  th e  
im m edia te ly  p re c ed in g  s t a t e  i s  alw ays o n e -h a lf  o f  n f o r  even s t a t e s .  
That i s
Pn = P ' a / 2 + <1- P ’n / 2>‘ t i  (3 ‘ 37)
where n i s  an even number. S ince  an even  numbered s t a t e  in d ic a te s  
t h a t  th e r e  i s  no in s p e c t io n  in  th a t  s t a t e ,  th e  c o s t  o f  t h a t  s t a t e  i s  
th e n
C « S -CP, + S *P -CH. . (3 -38)n n i  n n i
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The w hole f r a c t io n  d e f e c t iv e  w i l l  p a ss  to  th e  n e x t p ro d u c tio n  s ta g e .  
Thus
P ' « P . (3 -39)n n
On th e  o th e r  han d , f o r  an odd numbered s t a t e ,  w hich in d ic a te s  
th a t  an in s p e c t io n  has o c c u rre d  i n  th e  s t a t e ,  th e  f r a c t i o n  d e f e c t iv e  
b e fo re  th e  in s p e c t io n  i s  alw ays e q u a l to  th e  im m ed ia te ly  p re c e d in g  
n o n - in s p e c tio n  s t a t e  p r io r  to  t h i s  s t a t e .  T hat i s
Pn = Pn , , (3 -40)n n —1
and th e  c o s t  in v o lv e d  i s
C = S -CP. + S -C l. +  S *P *CR.. (3 -41)n n i  n i  n n i
S ince  a  p e r f e c t  in s p e c t io n  p ro c e ss  i s  assum ed, th e  f r a c t io n  d e fe c t iv e
a f t e r  th e  in s p e c t io n  i s  alw ays z e ro . Thus
P ' = 0 . (3 -42)n
Combining th e  above e q u a t io n s ,  th e  r e c u r s iv e  r e l a t i o n s  o f  two 
c o n se c u tiv e  s t a t e s  may be summ arized as  fo l lo w s :
When n i s  an even number
Pn = P 'n /2  +  *
C = S (CP, + P C H .), (3 -43)n n i  n i  *
P ' = P , n n
S ' = S . n  n
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When n i s  an odd number
P = P . , n n - l  *
C = S (CP.+CI.+P C R .), (3 -44)n n l  i n i
P ' = 0 , n *
S* = S . n n
These r e c u rs iv e  r e l a t io n s  may be seen  in  F ig u re  3 -2 . F ig u re
3-2 shows th a t  i f  P^ and a re  known, th e  c o s t  as w e ll  as P , P ' , S ,
and S ' can be determ ined  f o r  a l l  s t a t e s .  S ince i s  th e  i n i t i a l  
amount o f  raw m a te r ia ls  in p u t  and P^ i s  assumed to  be z e ro , th e  c o s t  
can be computed f o r  every  p o s s ib le  s t a t e  o f  th e  system . To use  th e  
com puter to  compute th e  c o s t , th e  p rocedu re  developed i s  d e p ic te d  in  
th e  flow  c h a r t  in  F ig u re  3 -3 .
An Example
Assume a s e v e n -s ta g e  p ro d u c tio n  p ro cess  w ith  a p ro d u c tio n  
f a i l u r e  r a t e  and c o s t  in fo rm a tio n  o b ta in e d  from th e  p a s t  as fo llo w s :
p ro d u c tio n  p ro d u c tio n  p ro d u c tio n  in s p e c t io n  r e p a i r  h azard
s ta g e f a i l u r e
r a t e
c o s t c o s t c o s t c o s t
1 .01 $15.00 $ .90 .$ 2.00 $ 5 .00
2 .05 20.00 1.00 3 .0 0 6.00
3 .03 14.00 1.20 7.00 7.00
4 .04 26.00 .80 10.00 4 .00
5 .07 8.00 1.25 14.00 9.00
6 .06 30.00 1.30 19 .00 2.00
7 .07 34.00 1.00 22.00 40 .00
I n i t i a l  in p u t = 1000 u n i t s •
4 j )
p j - p ' i + a - p ' ^ . t !
c 2=S2 ( c i pi+ p2CHi )
P '2=P2
s'2=s2
—  *  © S'4 “ S4
S5=S4
P5=P4






c 3= s3 (cp1+ c i1+p3c r 1) 
p ' 2=o
S ' 3” S3
- 6
F ig u re  3 -2 : R ecu rs iv e  R e la t io n s  o f Two C o n secu tiv e  S ta te s
In  th e  R ep a ir Model
b t a r t
in  NS,








P (k) =PA(k/ 2 )+ (l-P A (k /2 ) ),*(: (I 
3t(k)= S*(C P(i)+ C I(i)+ P(n)'*C R ( 
PA(k)=P(k)
Yes i s  k 
an odd number
P(k)= P(k-1)
C(k)=S*(CP +P(k)*C II(i) 
PA(k)=P (k)






F ig u re  3 -3 : Cost Computation Flow C hart f o r  th e  R ep a ir Model
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By p u t t in g  th e s e  d a ta  In to  a  com puter program  developed from  
F ig u re  3 -3 , th e  c o s t  o f  each  s t a t e  can be d e te rm in e d . The r e s u l t s  
a r e  p re s e n te d  In  A ppendix 3-A.
The O ptim al In s p e c t io n  P lan
A f te r  th e  c o s ts  f o r  a l l  p o s s ib le  s t a t e s  a r e  d e te rm in ed , th e  
se a rc h  f o r  th e  o p tim a l in s p e c t io n  p la n  m ust be ex ecu ted  d i f f e r e n t l y  
from th a t  u sed  in  th e  d is p o s a l  model s in c e  th e  number o f  good ite m s  
in  th e  r e p a i r  model depends upon th e  d e c is io n s  r e s u l t i n g  from th e  
in s p e c t io n ,  i . e .  th e  number o f  good item s  a t  th e  f i n a l  s ta g e  o f  each  
a l t e r n a t i v e  i s  d i f f e r e n t .  The o p tim a l In s p e c t io n  i s  th e  one w ith  th e  
minimum t o t a l  u n i t  c o s t  p e r  f i n a l  good ite m . The u n i t  c o s t m ust be  
o b ta in e d  by add ing  up th e  c o s ts  f o r  a l l  th e  s t a t e s  in  th a t  a l t e r n a t i v e  
th e n  d iv id in g  by th e  number o f  good item s in  t h a t  a l t e r n a t i v e .
The s o lu t io n  f o r  th e  o p tim a l in s p e c t io n  p la n  in  th e  r e p a i r  
model may be d iv id e d  in to  th re e  s t e p s .
1 . C om putation o f  u n i t  c o s t ,
2 . S earch  f o r  th e  o p tim a l in s p e c t io n  p la n ,  and
3 . P r in t  o u t th e  o p tim a l in s p e c t io n  p la n .
The above th r e e  s te p s  a re  d e p ic te d  in  th e  fo llo w in g  th r e e  
F ig u re s .  (F ig u re  3 -4 , 3 -5 ,  and 3 -6 )
A f te r  t r a n s l a t i n g  th e s e  th r e e  flow  c h a r t s  in to  com puter p ro ­
grams and in p u t t in g  th e  d a ta  p re s e n te d  a t  th e  b e g in n in g  o f t h i s  
exam ple, th e  o p tim a l in s p e c t io n  p la n  was found to  be
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The u n i t  c o s t  p e r  good ite m  o f f i n a l  o u tp u t in  th e  exam ple i s  
$ 155 .93 . The com puter program  and o u tp u ts  a re  p re s e n te d  in  Appendix
3-B .
Q u a lity  R equirem ent and L im ita t io n  o f  In s p e c t io n  E f f o r t
The q u a l i t y  re q u ire m e n t c o n s t r a in t  and th e  l im i t a t i o n  o f  
in s p e c t io n  e f f o r t  may be s o lv e d  in  th e  same manner a s  th e y  w ere in  
th e  d is p o s a l  m odel. That i s  to  l e t  e v e ry  p o s s ib le  f i n a l  s t a t e  o f  
th e  system  go th ro u g h  a  q u a l i t y  and in s p e c t io n  e f f o r t  check . The 
c o s t  o f th o se  s t a t e s  w hich canno t meet th e  q u a l i ty  s ta n d a rd  o r 
w hich need m ore th an  th e  maximum a llo w a b le  number o f  in s p e c t io n  
s t a t i o n s  w i l l  be changed to  a  v e ry  la r g e  v a lu e . Then when th e  s e a rc h  
f o r  th e  o p tim a l in s p e c t io n  p la n  i s  p e rfo rm ed , th o s e  a l t e r n a t i v e s  w ith  
lo w er q u a l i ty  o r  g r e a te r  in s p e c t io n  e f f o r t  th an  th e  req u irem en t can 
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F igure  3 -4 : U nit Cost C om putation fo r  R epair Model
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F ig u re  3 -5 : S earch  fo r  th e  O ptim al In s p e c tio n  P lan
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F ig u re  3 -6 : P r in t-O u t th e  O ptim al In s p e c t io n  P lan
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An Example o f  Q u a lity  and In s p e c tio n  E f f o r t  L im ita t io n
Assume th e  same d a ta  as  u sed  in  th e  p re c e d in g  exam ple. 
Management has d ec id ed  th a t  th e r e  sh o u ld  be no more th a n  f iv e  p e rc e n t 
d e f e c t iv e  item s in  th e  f i n a l  o u tp u t and th a t  th e r e  sho u ld  be no more 
th a n  th r e e  in s p e c t io n  s t a t i o n s .
To overcome th e s e  p ro b lem s, th e  s u b ro u tin e  program s -  QUALITY 
and BINARY -  developed  i n  C h ap ter I I  sh o u ld  be c a l l e d  to  change th e  
c o s ts  to  a  la r g e  v a lu e  f o r  th o se  a l t e r n a t i v e s  made i n f e a s ib l e  due to  
th e  new c o n s t r a i n t s . W ith th e s e  m o d if ic a t io n s , th e  com puter program s 
and o u tp u t a re  p re s e n te d  in  Appendix 3-C . The r e s u l t s  o f  t h i s  example 
a re  th e  same as  b e fo re  th e  q u a l i ty  re q u ire m e n t and e f f o r t  l i m i t a t i o n .  
T h is  i s  b ecau se  th e  p re v io u s  answ ers s a t i s f y  th e  two new re q u ire m e n ts . 
U s u a lly , th e  c o s t  w ith  q u a l i ty  and In s p e c t io n  e f f o r t  l im i t a t i o n  can 
be ex p ec ted  to  be h ig h e r  b ecau se  some low c o s t  a l t e r n a t i v e s  become 
in f e a s i b l e  due to  th e  new l i m i t a t i o n s .
C onclusion
The r e p a i r  model developed  In  t h i s  c h a p te r  can be a p p lie d  to  
any m u l t i - s ta g e  p ro d u c tio n  l i n e  w here d e c is io n s  m ust be  made as  to  
w here to  in s p e c t  th e  p ro d u c ts ,  g iv en  t h a t  management has d ec id ed  to  
r e p a i r  a l l  th e  d e f e c t iv e  item s found in  th e  in s p e c t io n  p ro c e ss  and 
th a t  th e  c o s ts  o f  In s p e c t io n  and r e p a i r  can  be e s tim a te d  w ith  r e l a ­
t i v e  a c c u ra c y . Two com puter program s w ere developed  to  h e lp  f in d  th e  
o p tim a l in s p e c t io n  p la n .  The f i r s t  was developed  f o r  th e  c a se  w here 
th e re  i s  no r i g i d  q u a l i t y  re q u ire m e n t and no l i m i t a t i o n  on th e  amount 
o f  in s p e c t io n  e f f o r t .  The in p u ts  needed a re  th e  number o f  p ro d u c tio n
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s ta g e s ,  th e  I n i t i a l  amount o f  in p u t ,  th e  p ro d u c tio n  f a i l u r e  r a t e ,  
th e  p ro d u c tio n  c o s t ,  th e  in s p e c t io n  c o s t ,  th e  r e p a i r  c o s t  and th e  
hazard  c o s t  f o r  each  p ro d u c tio n  s ta g e .  The o u tp u t w i l l  c o n ta in  th e  
o p tim a l in s p e c t io n  p la n  and th e  minimum u n i t  c o s t  a s s o c ia te d  w ith  
th e  o p tim a l in s p e c tio n  p la n .
The second program  i s  used  in  th e  case  where a  r i g i d  q u a l i ty  
s ta n d a rd  and o r  in s p e c t io n  e f f o r t  i s  s t a t e d .  The d a ta  f o r  t h i s  case  
a re  read  in  th e  same manner as in  program  1 . S u b ro u tin es  QUALITY and 
o r  BINARY sho u ld  be c a l le d  b e fo re  th e  u n i t  c o s t  o f  th e  in s p e c t io n  
a l t e r n a t i v e  i s  computed. The q u a l i ty  s ta n d a rd  and o r in s p e c t io n  
e f f o r t  l im i t a t i o n  shou ld  be s p e c i f ie d  in  th e  argum ent o f  th e  sub­
ro u t in e s .  The o u tp u t w i l l  l i s t  th e  o p tim a l in s p e c t io n  p lan  and the  
minimum c o s t a s s o c ia te d  w ith  t h i s  p la n .
CHAPTER IV
PRODUCTION-INSPECTION SYSTEM —  A GENERAL MODEL 
In  t h i s  c h a p te r ,  a  p ro d u c t io n - in s p e c t io n  model i s  developed  
by r e la x in g  th e  most r e s t r i c t i v e  a ssu m p tio n s  abou t th e  p ro d u c tio n -  
in s p e c t io n  p ro c e ss  as  d is c u s s e d  in  c o n n e c tio n  w ith  th e  m odels in  th e  
p re v io u s  c h a p te r s .
A ssum ptions
The assum ptions o f t h i s  more g e n e r a l  model a r e :
1 . The in s p e c t io n  p ro c e ss  i s  n o t  100 p e rc e n t e f f e c t i v e .  Some
d e fe c t iv e  ite m s  i n  th e  b a tc h  o f  p ro d u c ts  may n o t be i d e n t i ­
f ie d  even i f  an  in s p e c t io n  I s  perfo rm ed . On th e  o th e r  
hand, a good ite m  a ls o  h a s  a  chance o f b e in g  m is ta k en ly  
i d e n t i f i e d  a s  a d e f e c t iv e  ite m  by th e  in s p e c t io n  p ro c e s s .
2 . The d e f e c t iv e  item s  d e te c te d  a r e  r e p a i r a b le .  The p ro d u cer 
has a  c h o ic e  o f  d is p o s in g  o f  them o r r e p a i r in g  them.
3 . I t  c o s ts  a  c o n s ta n t  amount o f  money to  r e p a i r  o r  d is p o se  o f 
a  d e f e c t iv e  item . A d e f e c t iv e  item  may be so ld  f o r  a 
c o n s ta n t s a lv a g e  v a lu e  I f  th e  d e c is io n  i s  to  d is p o se  o f  i t .
4. There i s  an  e x p l i c i t l y  s t a t e d  q u a l i ty  re q u ire m e n t in  th e
f i n a l  o u tp u t .  The q u a l i t y  req u irem en t i s  d e f in e d  by a 
maximum a llo w a b le  p e rc e n ta g e  o f  d e f e c t iv e  item s in  th e  
f i n a l  o u tp u t .
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5. The l e v e l  o f  in s p e c t io n  e f f o r t s  which can be u n d e rta k en  
i s  l im i te d .  T h is i s  d e f in e d  by th e  number o f  in s p e c t io n  
s t a t i o n s .
The c o s t  a ssum ptions a t  t h i s  p o in t  a r e  s t i l l  th e  same as  in  
th e  two p re v io u s  m odels. A ll  c o s t s — p ro d u c tio n , in s p e c t io n ,  d is p o s a l ,  
and r e p a i r — a t  each  p ro d u c tio n  s ta g e  a re  assumed c o n s ta n t and independ­
e n t o f th e  in s p e c t io n  and r e p a i r  a c t i v i t i e s  o f  p re c e d in g  s ta g e s .  L a te r  
th e  assum ptions ab o u t th e  in s p e c t io n  c o s t  and r e p a i r  c o s t  w i l l  be 
re la x e d .
M onotonic C h a ra c te r  o f th e  T o ta l  U n it C ost F u n c tio n  o f  th e  G enera l Model
The u n i t  t o t a l  c o s t  fu n c t io n  p e r  f a u l t - f r e e  f i n a l  o u tp u t fo r
b o th  th e  d is p o s a l  model and th e  r e p a i r  model o f  a  p ro d u c t io n - in s p e c t io n
1
system  a r e  m ono ton ic . In  th e  g e n e ra l  m odel, th e  u n i t  t o t a l  c o s t
fu n c tio n  i s  a  com bination  o f th e  d is p o s a l  c o s t  fu n c tio n  and r e p a i r  c o s t
fu n c tio n . I . e . ,
N S± [CP1+Qi CI1+Pi Qi CDi +Pi ( l-Q i )CH±]
o c  _  ^  -
Si [CP1+Q1CI1+Pi Qi CRi +P1 (1-Q±)CH±] 
o r  G (4 -1 )
w here G i s  th e  t o t a l  q u a n t i ty  o f  good f i n a l  o u tp u t ,  i t  i s  a  fu n c t io n  o f
Q’ s .
The f r a c t i o n  d e f e c t iv e  a t  each s ta g e  (P^) depends o n ly  upon th e  
p re v io u s  In s p e c t io n  le v e l s  (Q’s )  and Q a f f e c t s  on ly  l a t e r  P 's  in  th e  
g e n e ra l  model a s  in  p re v io u s  m odels. T h e re fo re ,
A l i n e a r  fu n c tio n  i s  a  s p e c ia l  c a s e  o f  m onotonic fu n c t io n .
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o r (4 -3 )
(4-2)
E q u a tio n s  4 -2  th ro u g h  4 -3  c le a r ly  show t h a t  in  E q u a tio n  4 -1 ,
Q a f f e c t s  none o f  th e  o th e r  O 's .  M oreover, th e r e  i s  no Q„^ term  in  n N
E q u a tio n  4 -1 , f o r  j ^ l .  T hat i s , a t  s ta g e  N, th e  c o s t  fu n c t io n  o f  th e  
g e n e ra l  model m ust ta k e  th e  form  o f  e i t h e r  2-29  o r  3 -3 4 . In  o th e r  
w ords, E q u a tio n  4 -1  must be e i t h e r  a  m onotonic in c re a s in g  fu n c tio n  o r  
a m onotonic d e c re a s in g  fu n c t io n  w ith  r e s p e c t  to  Qjj. As shown in  th e  
p re v io u s  m odels, to  m inim ize a  m onotonic f u n c t io n ,  th e  c o n t r o l  v a r ia b le  
m ust be a t  one o f  i t s  ex trem e v a lu e s .  In  o u r c a s e , m ust be e i t h e r  
0 o r  1 .
The same a n a ly s is  may be c a r r i e d  o u t to  show t h a t  in  o rd e r  to  
m inim ize E q u a tio n  4 -1 , a l l  th e  Qr s must ta k e  a  v a lu e  o f e i t h e r  0 o r  1.
In  o th e r  w ords, no m a tte r  w h e th er th e  d e c is io n  a f t e r  th e  in s p e c t io n  i s  
to  r e p a i r  o r  d isp o se  o f  th e  d e f e c t iv e  ite m s  found , th e  in s p e c t io n  l e v e l  
a t  a l l  s ta g e s  m ust be  e i t h e r  z e ro  p e rc e n t  o r  100 p e rc e n t  to  m inim ize 
th e  u n i t  t o t a l  c o s t  o f  each  good item  o f f i n a l  o u tp u t in  th e  g e n e ra l  
m odel.
T hree A l te r n a t iv e s
I f  th e  in s p e c t io n  l e v e l  h as  to  be e i t h e r  a t  th e  z e ro  p e rc e n t o r  
100 p e rc e n t l e v e l  and th e  d e f e c t iv e  Item s d e te c te d  a r e  r e p a i r a b le  o r  
d is p o s a b le ,  th en  th e r e  a r e  th r e e  (a s  opposed to  two as  b e fo re )  a l t e r n a t i v e  
a c t io n s  a f t e r  any p ro d u c tio n  o p e ra t io n  and b e fo re  e n te r in g  th e  n ex t 
p ro d u c tio n  o p e ra t io n . The th r e e  a l t e r n a t i v e s  a r e :
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1. Do n o t In s p e c t .
2. In s p e c t  and d is p o se  o f  th e  d e f e c t iv e  ite m s  found.
3 . In s p e c t  and r e p a i r  th e  d e f e c t iv e  item s found .
T h e re fo re , f o r  a  th r e e  s ta g e  p ro d u c tio n  l i n e ,  th e  p o s s ib le  com binations 
o f p ro d u c tio n  and in s p e c t io n  can be d e p ic te d  a s  i n  F ig u re  4 -1 .
By ex am in a tio n  o f F ig u re  4 -1 , th e  fo llo w in g  p a t t e r n  may be 
g e n e ra te d  f o r  a  p ro d u c tio n  l i n e  w ith  N s ta g e s  in  i t s  p ro d u c tio n  o p e ra t io n s .
1 . The t o t a l  number o f p o s s ib le  com b in a tio n s  o f  in s p e c t io n
Na l t e r n a t i v e s  i s  3 .
2 . The t o t a l  number o f  p o s s ib le  s t a t e s  i s  3^+3^+3^+.. .+ 3 ^
N i  o r  3 .
i= 0
3. The t o t a l  number o f  p o s s ib le  s t a t e s  a t  any p ro d u c tio n  s ta g e  
j  i s  33. The num bers a ss ig n e d  to  th e s e  s t a t e s  a re  in  the  
i n t e r v a l  from  3^ -  ( 3 ^ - l ) / 2  to  3 ^ + ( 3 ^ - l ) /2 ,  in c lu s iv e .
4 . The s t a t e  numbers a ss ig n e d  to  a l l  th o s e  s t a t e s  h av in g  no 
in s p e c t io n  can  be w r i t t e n  in  th e  g e n e ra l  form  3 k - l ,  where 
k i s  an  in te g e r .  The s t a t e s  w here th e r e  i s  an in s p e c t io n  
b u t w here d e f e c t iv e  ite m s  i d e n t i f i e d  a re  n o t r e p a i r e d  b u t 
a r e  d isp o se d  o f may be w r i t t e n  a s  3k. The s t a t e s  where 
th e r e  i s  an in s p e c t io n  and d e f e c ts  a re  r e p a ir e d  may be 
w r i t t e n  a s  3 k + l. In  o th e r  w ords, i f  th e  s t a t e  number i s  
d iv id e d  by 3 , i t  i s  p o s s ib le  to  t e l l  what a c t io n s  i s  
ta k en  a t  t h a t  s t a t e .  A s t a t e  w ith  no In s p e c t io n  m ust have 
a  rem ain d er o f  2 . A s t a t e  w ith  an  in s p e c t io n  and no
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r e p a i r s  must have no rem a in ed e r. A s t a t e  w ith  an in s p e c t io n  
and a  r e p a i r  m ust have a  rem ain d er o f  1 .
5 . The r e l a t i o n s  betw een th e  s t a t e  numbers o f  c u r r e n t  s t a t e s  
and t h e i r  im m ed ia te ly  fo llo w in g  s t a t e s  a re  a s  fo llo w s : 
C u rre n t S ta te  F o llow ing  S ta te
3 ‘ c u r r e n t  s t a t e  -  1 no in s p e c t io n  s t a t e
3 ‘ c u r r e n t  s t a t e  in s p e c t io n  and d is p o s a l  s t a t e
3 'c u r r e n t  s t a t e  +  1 in s p e c t io n  and r e p a i r  s t a t e
I t  i s  im p o rta n t to  u n d e rs ta n d  th e s e  r e l a t i o n s  becau se  i t  i s  
n e c e s sa ry  to  d evelop  a  com puter p ro c e d u re  to  c a r ry  o u t th e  com pu ta tion  
o f th e  c o s ts  a t  th e  s t a t e s  and se a rc h  f o r  th e  o p tim a l in s p e c t io n  p la n . 
T h is , o f  c o u rs e , r e q u i r e s  a  s y s te m a tic  c o m p u ta tio n a l p ro ced u re  to  be 
e f f e c t i v e .
The R e la t io n  Between S ta te  Number (n) and S tag e  Number ( i )
From th e  t h i r d  r e l a t i o n  o f  th e  p re c e d in g  s e c t io n ,  th e  r e l a t i o n  
betw een s t a t e  number (n) and s ta g e  number ( i )  may be s t a t e d  as
31 -  n 31 + ( 3 * - l ) / 2 .  (4 -4 )
S o lv in g  f o r  i  i n  te rm s o f n y ie ld s
31 + 1 2n 3i+1  -  1. (4 -5 )
E q u a tio n  4-5  may be w r i t t e n  as 





i +1 bog^ (2n + l ) ,
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and
i Log3(2n+l) - 1. (4-7)
S ince  i  i s  an  i n t e g e r ,  p u t t in g  E q u a tio n s  4 -6  and 4-7 to g e th e r
y ie ld s
INT[Log3 ( 2 n + l ) - l ]  i  INT[Log3 ( 2 n - l ) ] .  (4 -8 )
U sing  E q u a tio n  4 -8 , i t  i s  p o s s ib le  to  d e te rm in e  which s ta g e  i  c o n ta in s  
s t a t e  n . In  o th e r  w ords, g iv en  a  s t a t e  n ,  I t  i s  p o s s ib le  to  d e term ine  
w hich s ta g e  th e  s t a t e  i s  in .
D e te rm in a tio n  o f th e  F r a c t io n  D e fe c tiv e  B efo re  th e  In s p e c t io n ,  P (n)
The f r a c t i o n  d e f e c t iv e  b e fo re  th e  In s p e c tio n  a t  any s t a t e  n 
i s  dependent upon th e  in p u t  f r a c t i o n  d e f e c t iv e  and th e  e f f e c t  of th e  
p ro d u c tio n  o p e ra t io n  o f  t h a t  s ta g e  c o n ta in in g  th e  s t a t e .  The in p u t 
f r a c t i o n  d e f e c t iv e  I s  e q u a l to  th e  f r a c t i o n  d e f e c t iv e  a f t e r  th e  
I n s p e c t io n  o f  th e  im m ed ia te ly  p re c e d in g  s t a t e  o f th e  Im m ediately  
p re c e d in g  s ta g e .  The e f f e c t  o f th e  p ro d u c tio n  o p e ra t io n  i s  th e  
p ro d u c tio n  f a i l u r e  r a t e  o f th e  s ta g e .  I n  g e n e r a l ,  th e  r e l a t i o n  betw een 
two c o n se c u tiv e  s t a t e s  may b e  e x p re s se d  a s
P ( c u r re n t  s t a t e )  = P '
I im m ed ia te lja  I I im m ed ia te ly !I I c u r r e n t  I
■ p re c e d in g  I  + 1 1 -  P* I p re c e d in g  I I *  t  I p ro d u c tio n !
I s t a t e  I  I I s t a t e  I I  I s t a g e  I
w here P I s  th e  f r a c t i o n  d e f e c t iv e  b e fo re  th e  in s p e c t io n  and P 1 i s  th e  
f r a c t i o n  d e fe c t iv e  a f t e r  th e  in s p e c t io n  and t  i s  th e  p ro d u c tio n  
f a i l u r e  r a t e .
As can  be seen  from  th e  r e l a t i o n  d e r iv e d  from  F ig u re  4 -1 , th e  
s t a t e  numbers r e l a t i n g  two c o n se c u tiv e  s ta g e s  must be a s  fo llo w s :
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Im m edia te ly  P reced in g  S ta te  in  
C u rren t S ta te  th e  Im m edia te ly  P reced in g  S tag e  I f
n k = (n + 1 )/3  n = 3k -  1
n k = n /3  n -  3k
n k = ( n - l ) / 3  n = 3k+l
M oreover, th e  r e l a t i o n  betw een th e  c u r r e n t  s t a t e  n and th e
p ro d u c tio n  s ta g e  i  may be de term in ed  by E q u a tio n  4 -8 . Thus,
P (n  n = 3 k -l) *= P ’ (k) + [ l - P ' ( k ) ]  ■ t ( i ) ,  (4 -9 )
P (n  n=3k) = P '( k )  + [ l - P ' ( k ) ]  ■ t ( l )  = P ( n - l ) ,  (4 -10)
and
P (n  n=3k+l) * P '( k )  + [ l - P 'O O ]  * t ( i )  » P ( n - 2) .  (4-11)
The f i r s t  s t a t e  o f  th e  system  i s  c h a r a c te r iz e d  by F ( l )  -  P ’ ( l )
-  0. The t ( i )  a re  p ro d u c tio n  f a i l u r e  r a t e s  and a re  known p a ram ete rs  
o f  th e  sy stem . Thus I f  P '( n )  can  be de term in ed  f o r  e v e ry  p o s s ib le  
s t a t e ,  th e n  P(n) can be  d e te rm in ed  from  E q u a tio n s  (4 -9 ) th ro u g h  (4-11) 
fo r  ev ery  p o s s ib le  s t a t e  o f  th e  system . With th e  assum ption  o f an 
im p e rfe c t In s p e c tio n  p ro c e s s ,  th e  f r a c t i o n  d e fe c t iv e  a f t e r  th e  
in s p e c t io n  P '( n )  i s  dependen t upon th e  e f f e c t iv e n e s s  o f  th e  in s p e c t io n  
p ro c e ss .
E f fe c t iv e n e s s  o f th e  I n s p e c t io n  P ro c e ss  and F ra c t io n  D e fe c tiv e  A f te r  
th e  In s p e c tio n
I f  th e  in s p e c t io n  p ro c e ss  i s  n o t p e r f e c t ly  e f f e c t i v e ,  i t s  
e f f e c t iv e n e s s  may be e x p re sse d  by a  p e rc e n ta g e  as  su g g es te d  by 
E. G erald  H u rs t ,  J r . ^  For exam ple, a  90 p e rc e n t e f f e c t iv e n e s s  means
^E ,G era ld  H u rs t ,  J r . ,  " Im p e rfe c t In s p e c tio n  in  a  M u ltis ta g e  P ro­
d u c tio n  P ro c e s s ,"  Management S c ie n c e , V ol. 20 , No. 3 , (Nov, 1 9 7 3 ) ,pp. 379.
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th a t  i f  an item  i s  indeed  a  d e fe c t iv e  one th e  in s p e c tio n  p ro c e ss  w i l l  
have a .9  p r o b a b i l i ty  o f  id e n t i f y in g  i t .  On th e  o th e r  hand, i f  th e  
in s p e c t io n  p ro cess  i s  n o t p e r f e c t  i t  i s  re a so n a b le  to  ex p ec t th a t  th e re  
i s  a  chance o f m is tak en ly  r e j e c t i n g  some good item s . T h is chance o f 
a m is tak e  may a ls o  be ex p ressed  as  a p e rc e n ta g e . Thus, in  t h i s  c o n te x t , 
5 p e rc e n t means th a t  even i f  an item  i s  a  good one, th e  in s p e c tio n  
p ro c e ss  i s  such th a t  th e re  i s  a .05 p r o b a b i l i ty  o f  m is tak en ly  
id e n t i f y in g  i t  as  d e fe c t iv e .
I f  t h i s  i s  th e  c a se , th e  f r a c t io n  d e fe c t iv e  a t  any p ro d u c tio n  
s ta g e  depends n o t on ly  on th e  outcome o f  th e  p ro d u c tio n  o p e ra tio n  and 
th e  d e c is io n  as to  w hether o r  n o t an in s p e c tio n  shou ld  be perform ed 
a t  th a t  s ta g e  b u t a lso  on th e  e f f e c t iv e n e s s  o f  th e  in s p e c tio n  p ro c e ss . 
Assume th a t  a t  any s ta g e  in  th e  p ro d u c tio n  p ro cess  th e r e  i s  a f r a c t io n  
d e fe c t iv e  p (i.) in  th e  p ro d u c t. Then ( l - p ( i ) ) * 1 0 0  p e rc e n t of th e  item s 
must be good. I f  an in s p e c t io n  i s  perform ed w ith  p r o b a b i l i ty  B (i)  
o f  id e n t i f y in g  th e  d e fe c t iv e  item  and G (i) o f  m is tak en ly  c a l l in g  a 
good item  a bad one, th e  r e s u l t in g  o u tp u t w i l l  c o n s is t  o f  th e  fo llo w in g  
com ponents:
1 . Good item s which w ere a ccep ted  (A ) .§
2. Bad item s which w ere accep ted  (A^).
3. Good item s which were r e je c te d  (R ) .
4. Bad item s which were r e je c te d  (R ^).
Given p ( i ) ,  B ( i ) ,  and G (i) as th e  known p a ram ete rs  o f th e  
system , th e  p r o b a b i l i t i e s  o f th e  above fo u r  components may be computed 
a s  fo llo w s :
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A (1) = [ l - p ( i ) ] • [ l - G ( i ) ] (4 -12)
o
Ab ( i )  = p ( i )  • [ l - B ( i ) ]  (4 -13)
R Ci) = [ 1 - P ( i ) ]  * G (l)  (4 -14)
5
Rb ( l )  = P ( i )  • B ( i)  (4 -15)
I f  th e re  i s  a  d e c is io n  to  d isp o se  o f  d e fe c t iv e  item s d e te c te d  
in  th e  in s p e c t io n ,  R and Rh w i l l  be removed from  th e  p ro d u c t group 
and th e  p ro p o r t io n  o f  d e f e c t iv e  Item s rem ain in g  in  th e  p ro d u c t b a tc h  
and e n te r in g  th e  n e x t p ro d u c tio n  s ta g e  w i l l  be
Ab(i)
P* ( i )  = --------------------- . (4 -16)
A b (i) + Ag ( i )
I f  th e  d e c is io n  i s  to  r e p a i r  th e  d e f e c t iv e  item s  d e te c te d ,  th e n  bo th
R and R. w i l l  go th ro u g h  a  r e p a i r  o p e r a t io n ,  become good item s  and & ^
be  p u t back  in to  th e  p ro d u c t g ro u p . T h e re fo re , th e  f r a c t i o n  d e f e c t iv e  
go ing  th ro u g h  th e  n e x t p ro d u c tio n  o p e ra t io n  w i l l  be o n ly  th e  u n d e te c te d  
d e f e c t iv e  i te m s . T hus,
P ’ ( i ) = A b ( i ) .  (4 -17)
In  summary, th e  f r a c t i o n  d e f e c t iv e  a t  each  s ta g e ,  b e fo re  and 
a f t e r  th e  in s p e c t io n ,  may be c l a r i f i e d  by F ig u re  4 -2 . F ig u re  4 -2  
shows t h a t  i f  th e  in p u t  f r a c t i o n  d e f e c t iv e  i s  known, th e  o u tp u t 
f r a c t i o n  d e f e c t iv e  can  b e  d e te rm in ed . The p ro d u c tio n  in s p e c t io n  system  
s tu d ie d  h e re ,  assum ing ze ro  f r a c t i o n  d e f e c t iv e ,  i . e . ,  P ' (1) = P ( l )  = 0 . 
T h e re fo re , th e  f r a c t i o n  d e f e c t iv e  a t  each  s ta g e  can  be d e te rm in ed . 
F ig u re  4 -2  i s  e x p re ssed  in  term s o f  s ta g e s .  The r e l a t i o n s  in  F ig u re  
4 -3  a r e  f o r  s t a t e s .
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P ( i) = P ’ ( i - D + l l - P 1 (1 -1 ) J 't± 
' p r ( i ) “p ( i )
—  No In s p e c t io n
P ’ Ci) =
Ab ( i )
^ C iJ + A g d )
P ( i ) = P ' ( i - l ) + [ l - P ' ( i - 1 ) ] * t ±
P ’ (i)= A b ( i )
In s p e c t  and D ispose
-  -----   In s P e c t  and R ep a ir
F ig u re  4 -2 : F r a c t io n  D e fe c tiv e  B efo re  a d A f te r  th e
In s e p c t io n  in  Terras o f  S tag es
P ( n ln = 3 k - l ) = P '( k ) + [ l - P ! ( k ) ] - t ± 
P '(n )= P (n )
No In s p e c t io n
P ' d )
P(nl n= 3 k )= P '(k ) + [ l - P '( k ) ]
P ’ (n) =
Ab (n) In s p e c t  and D ispose
Ab (n)+Ag (n)
P ( n l n = 3 k + l ) = P ' ( k ) + [ l - P ’ ( k ) ] - t ±
P*(n)=Ab (n)
In s p e c t  and R ep a ir
F ig u re  4 -3 : F r a c t io n  D e fe c tiv e  B efo re  and A f te r  th e
In s p e c t io n  in  Terms o f S ta te s
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T o ta l Number o f  Item s a t  Each P o s s ib le  S ta te  B efo re  and A f te r  
In s p e c t io n ,  S(n) and S*(n.)
The number o f  ite m s  a t  e ach  s ta g e  b e fo re  th e  in s p e c t io n  i s  
alw ays e q u a l to  th e  number o f  in p u t  item s  o f  t h a t  s ta g e  o r  th e  number 
o f  o u tp u t item s a t  i t s  im m ediate p re c e d in g  s ta g e .  I . e . ,
S ( i )  = S ' ( i - l ) .  (4 -18)
The number o f  Item s in  th e  p ro d u c t b a tc h  a f t e r  th e  in s p e c t io n  
depends upon th e  d e c is io n  as  to  w hat to  do ab o u t th e  d e f e c t iv e  item s 
d e te c te d — r e p a i r  them o r d is p o s e  o f  them . I f  th e  d e c is io n  i s  to  
d isp o se  o f them  ( in c lu d in g  th o s e  good ite m s  m is tak en  a s  bad i te m s ) ,  
th e  p ro p o r t io n  w hich w i l l  be d isp o se d  o f  i s  
R (1) +  R ^ i ) .
T h e re fo re , i f  th e  in p u t  q u a n t i ty  i s  S ( l ) ,  which e q u a ls  to  S ' ( i - l ) ,  
th e  number o f  ite m s  l e f t  i n  th e  p ro c e ss  a f t e r  th e  d is p o s a l  w i l l  be 
S ' ( l )  = S ( i)  ■ { l  -  [R g(i)+R b ( i ) ] ^ '
= S ' ( i - l )  ■ £ l  -  [Rg ( i )  + Rb ( i ) ] 3  • W -19)
I f  th e  d e c is io n  a f t e r  th e  in s p e c t io n  i s  to  r e p a i r  th e  d e fe c ­
t i v e  item s d e te c te d ,  th e n  a l l  o f  th e  ite m s  w i l l  be l e f t  in  th e  p ro c e ss .
T h e re fo re , th e  number o f  ite m s  a f t e r  th e  in s p e c t io n  i s  s t i l l  S ( i ) ;  I . e . ,  
S ' ( i )  = S ( I )  = S ' ( i - l ) .  (4 -20)
These r e l a t i o n s  a r e  sum m arized in  F ig u re  4 -4 . F ig u re  4 -4  may a l s o  be 
e x p re sse d  i n  term s o f  s t a t e s  a s  i t  i s  in  F ig u re  4 -5 .
1 0 0
S ( i)= S ’ ( i - 1 )  
S '< i ) » S ( i )
No In s p e c tio n
S ( i ) = S '( i - 1 )
S ' ( l ) = S ( i ) .  [ l - ( R g (i)+ R b ( i ) ) lS '( i - 1 )
S ' ( i ) = S (1)
In s p e c t  and D ispose
In s p e c t  and R ep a ir
F ig u re  4 -4 : Number o f  Item s o f  P ro d u c t B efo re  and A f te r  th e
In s p e c t io n  in  Terms o f  S tag es
S(n n = 3 k -l)= S l (k)
No In s p e c t io n
j S '(n )= S (n )
S '( k )
S O
S(n n = 3 k )= S '(k )
S ' (n )= S (n )- U " (R  (n)+Rb ( n ) ) ]  
0
In s p e c t and D ispose
S (n n=3k+l)=S’ (k)
" S (n )= S (n )‘" In s p e c t  and R ep a ir
F ig u re  4 -5 : ‘ Number o f Item s o f  P ro d u c t B efo re  and A f te r  th e
I n s p e c t io n  in  Terms o f  S ta te s
1 0 1
R ecursive  C ost F u n c tio n  o f Two C onsecu tive  S ta t e s
A fte r  th e  r e l a t i o n s  betw een th e  f r a c t i o n  d e fe c t iv e  and th e  
number o f item s b e fo re  and a f t e r  th e  in s p e c tio n  f o r  two c o n se c u tiv e  
s t a t e s  have been  e s ta b l i s h e d ,  i t  i s  p o s s ib le  to  d e r iv e  r e c u r s iv e  
c o s t  fu n c tio n s  f o r  on ly  two c o n se c u tiv e  s t a t e s .  The r e c u r s iv e  c o s t  
fu n c tio n  shows th e  r e l a t i o n s  betw een two c o n se c u tiv e  s t a t e s  in  term s 
o f c o s ts .  Assume, a t  any p ro d u c tio n  s ta g e  i ,  t h e  number o f item s  o f  
in p u t  i s  S '( i - 1 )  and th e  f r a c t i o n  d e fe c tiv e  i s  P ' d - l ) ,  w ith  th e  
r e l a t io n s  betw een P ( i ) ,  P1( i )  and S ( i ) ,  S ’ ( i )  a s  developed in  th e  
p reced in g  s e c t io n s ,  th e  c o s t  can  be determ ined  a s  fo llo w s .
I f  th e  d e c is io n  i s  n o t to  in s p e c t  th e  i te m s , th e  c o s ts  
in v o lv ed  a re  th e  c o s t  o f  p ro d u c tio n  a t  th e  c u r r e n t  s ta g e  and p o s s ib le  
h aza rd  c o s t to  th e  n e x t p ro d u c tio n  o p e ra tio n . T hese a re
C (i) = S '( i - 1 ) - C P ( i )  + S '( i - l ) - P '( i ) - C H ( i )
« S ( i )  • [C P(i) + P ' ( i )  * C H (i)] .  (4 -21)
I f  th e  d e c is io n  i s  to  in s p e c t  th e  item s  and d isp o se  o f  th e  
d e fe c t iv e  ite m s , th e  c o s t may c o n s i s t  o f th e  fo llo w in g  fo u r com ponents;
1. P ro d u c tio n  c o s t .
2. I n s p e c t io n  c o s t .
3. D is p o sa l c o s t .
4 . H azard  c o s t  to  th e  n e x t p ro d u c tio n  o p e ra t io n  caused  by 
u n id e n t i f i e d  d e f e c t iv e  item s.
T his c o s t  may be e x p re s se d  a s
C (i) = S '( i - l ) - C P ( i )  +  S '( i - l ) * C I ( i )  +  S ’ ( i - l ) . [ R g ( l )  +Rb ( i ) ]  •
[CD(i) -  C S ( i) ] + S U D 'P ’ (i)*C H (i)
= S ( i )  £ c P ( i ) + C I ( i )  + [Rg ( i ) ] - [ C D ( i) - C S ( i )  j}  + S '( i ) - P '( i ) - C H ( i ) .(4 -2 2 )
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On th e  o th e r  hand, I f  th e  d e c is io n  i s  to  in s p e c t  th e  item s  
and to  r e p a i r  th e  d e f e c t iv e  i te m s , th e  c o s ts  c o n s is t  o f  th e  fo llo w in g :
1 . P ro d u c tio n  c o s t .
2. In s p e c t io n  c o s t .
3. R ep a ir c o s t  f o r  th e  good item s m is ta k e n ly  i d e n t i f i e d  a s  
bad i te m s . ^
4 . R ep a ir c o s t  f o r  th e  d e f e c t iv e  item s i d e n t i f i e d .
5. H azard c o s t  caused  by th e  u n id e n t i f i e d  d e f e c t iv e  item s 
to  th e  n e x t p ro d u c tio n  o p e ra t io n .
These c o s ts  a re  computed as
C (i)  = S ’ ( i - 1 ) •C P ( i ) + S '( i - 1 ) • C H (i)+ S *(i-1 )*R g ( i ) • CRG(i)
+S1 ( i - D -R ^ iJ - C R C iJ + S 1 ( i - 1 )  *P’ ( i) -C H (i)
= S ( i )  • [CP(i)H<:i(i)+:R (i)-C R G (i)+R b (i) -C R ( i)+ P ' ( i )  * CH(i) ] .  (4 -23) 
The above r e c u r s iv e  c o s t  fu n c tio n s  show th a t  th e  c o s t  f o r  each  s ta g e  
can be d e te rm in ed . In  summary, th e s e  r e c u r s iv e  f u n c t io n s ,  e x p re ssed
in  term s o f  s t a t e s  a r e  shown in  F ig u re  4 -6 .
Computer Flow C hart f o r  th e  C ost C om putation
F ig u re  4 -6  in d ic a te s  t h a t  th e  c o s t  o f ev ery  p o s s ib le  s t a t e  
f o r  a g e n e ra l p ro d u c t io n - in s p e c t io n  model can be computed i f  S ( l ) ,
P ( l ) ,  S ' (1) and P ’ (1) a re  known. S ( l )  i s  th e  i n i t i a l  q u a n t i ty  o f 
raw m a te r ia l  in p u t  and P ( l )  i s  assumed h e re  to  e q u a l z e ro . Both
^ I t  i s  assumed th a t  good item s m is ta k e n ly  i d e n t i f i e d  a s  bad 
item s and s e n t  f o r  r e p a i r  c o s t  d i f f e r e n t  amounts o f  money to  r e p a i r .
U su a lly  t h i s  in v o lv e s  no r e p a i r  c o s t  b u t a  re -ex am in in g  c o s t .  CRG(i) 
p e r  u n i t  i s  assumed a t  s ta g e  i  f o r  t h i s  p ro c e s s .
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S(n n = 3 k -l)  = S '(k )
p (n  n = 3 k -l)  = p ' ( k ) + [ l - p ' ( k ) ]* t ( i )
p '( n )  = p (n )
C (n) = S(n) • [CP (i)+p* (n) • C H (i)]
"S^nr=“s("n) No In s p e c tio n (4-24)
(k)
(k)
S(n n -3k) = S1(k) 
p (n  n=3k) = p 1 (k) + [ 1 - p ( k ) ]* t ( i )  
A„(n) = [ l - p ( n ) ] • [ l - G ( i ) ]
= p (n ) * B (i)
= [ l - p ( n ) ]■G (i)
. \ n j  = p ( n ) * [1—B ( i ) ] 




In s p e c t  and D ispose  (4 -25 )
S ' (n) » S ( n ) - [ l - ( R b (n)+R (n ) ) ]
C(n) = S(n) [C P (i)+ C I(i)+ R  (n)+Rb (n ) ]* [C D fi) -C S ( i) ]  + S 1(n )-P (n )* C H (i)
o
S(n n=3k+l) = S(k)
p.(n n=3k + l) = p* (k) + ( l - p f (k) ] ‘ t  ( i )  
A (n) = [ 1 - P (n ) ] • [ l - G ( i ) ]
Rh (n) = p (n ) *B (i)
R„(n) = [ l - p ( n ) ]■ [G (i)
Ab (h )— -p(n ) ‘ [ l - B ( l )  ].................
P 1 (n) = Aj, (n)
In s p e c t  & R ep a ir (4-26)
S ’ (n) = s f u ) '
C<n) = S ( n ) • [C P ( i)+ C I( i)+ R g (n )• CRG(i)+Rb ( n ) • C R (i)+P1(n )* C H (i)]
F ig u re  4 -6 : R e c u r s i v e  R e la tio n s  o f  Two C o n secu tiv e  S ta te s  in  th e  (General
Model o f  th e  P r o d u c t io n - in s p e c t io n  Model
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are known parameters of the system and S'(1) » S(l) and P'(l) = P(l). 
Therefore, the cost computations are relatively easy. To compute the 
costs, a computer program written in FORTRAN was developed. The 
program is dipicted as a flow chart in Figure 4-7. The flow chart 
indicates the cost computation procedure as follows:
1. Read in all the system parameters and cost information.
2. Follow the recursive cost functions in Figure 4-6 to 
compute the cost for each state.
An Example
To demonstrate the computation procedure, the example intro­
duced on page is used. In addition to the production failure rate, 
production cost, inspection cost, and hazard cost, the following 
dara are also assumed to be available:
Stage CS CR CRG B G
1 $ .50 $ 18.00 $ .40 .95 .02
2 1.00 40.00 2.00 .90 .03
3 2.00 80.00 2.40 .90 .04
4 3.00 120.00 1.60 .90 .04
5 1.00 100.00 2.80 .85 .04
6 5.00 180.00 2.00 .85 .05
7 6.00 160.00 4.20 .85 .05
The inital amount of input is assumed to be 1,000 units and 
there are no defective items among them. Putting all these data in 
the computer with the program developed from Figure 4-7, the result­
ing total cost for each possible state is presented in Appendix 4-A. 
All these costs represent the costs to the system if the decision 
maker were to decide to go through that state.
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Figure 4-7: Cost Computations of the Ceneral Model
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Search for the Optimal Inspection Plan
The optimal inspection plan is defined by the minimum unit 
total cost per fault-free final product. Therefore, the search for 
the optimal inspection plan can be divided into two steps. (1) compute 
the unit cost per fault-free final items for each inspection alterna­
tive, and (2) pick the minimum unit cost inspection alternative.
The unit cost per fault-free final product is computed by 
dividing the total cost of one inspection alternative by the number 
of fault-free final products in that alternative. The total cost 
is the sum of the individual costs of each state in an inspection 
alternative. The total number of the final fault-free items is 
given by
S'(final stage) * [1-P'(final stage)].
Both S' and P' are computed in the previous sections. Unit cost per 
good final item is then determined. To do this, a computer program 
based on Figure 4-8 has been developed. To pick the minimum cost 
inspection alternative, the procedure depicted in Figure 4-9 is used 
to compare the unit cost for each possible inspection alternative.
After the optimal inspection plan is identified. The pro­
cedure as shown in Figure 4-10 is used to write out the optimal 
inspection plan.^ Applying all these procedures to the example, it 
results in the following optimal inspection plan.
^If an inspection is indicated, it is always at the 100 
percent level.
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S tags In s p e c tio n  A c tiv i ty
1 No In s p e c tio n
2 In sp e c t and R epair
3 No In s p e c tio n
4 No In s p e c tio n
5 In s p e c t  and R epair
6 No In s p e c tio n
7 In s p e c tio n  and R epair
The u n i t  c o s t  p e r  f a u l t - f r e e  f i n a l  o u tp u t i s  $193.77. The 
com puter program  and i t s  o u tp u t a re  p re s e n te d  in  Appendix 4-B.
Q u a lity  R equirem ent and L im ited  In s p e c tio n  E f f o r t s
The above r e s u l t  was o b ta in e d  under th e  assum ptions th a t  th e re  
a re  no q u a l i ty  req u irem en ts  s ta t e d  and th e re  a re  no l im i t a t i o n s  on 
th e  amount o f in s p e c t io n  e f f o r t s  a llo w ed . The on ly  d e c is io n  c r i t e r i o n  
i s  c o s t .  I t  may be th a t  th e  minimum c o s t  p la n  r e s u l t s  in  low q u a l i ty  
o r  re q u ire s  g r e a te r  in s p e c tio n  e f f o r t s  than  a re  f e a s ib le  f o r  rea so n s  
o th e r  th an  c o s t .  T h e re fo re , i t  may be d e s i r a b le  to  impose q u a l i ty  
c o n s t r a in t s  and maximum in s p e c t io n  e f f o r t s .
Im p o s itio n  o f a  q u a l i ty  req u irem en t f o r  th e  f i n a l  o u tp u t and 
a l im i t a t i o n  on in s p e c tio n  e f f o r t s  may be hand led  in  th e  same fa sh io n  
as was done in  th e  two p re v io u s  m odels. That i s ,  to  change th e  c o s ts  
to  a v e ry  la r g e  amount f o r  th o se  in s p e c t io n  p lan s  which cannot meet 
th e  re q u ire m e n ts . In  th e  com puter, t h i s  may be done by l e t t i n g  every 
p o s s ib le  s t a t e  in  th e  f i n a l  s ta g e  go th rough  a  su b ro u tin e  which w i l l
Ill
im pose a  v e ry  la r g e  c o s t  f o r  th o s e  s t a t e s  which r e s u l t  in  a  q u a l i ty  
l e v e l  l e s s  th an  th e  q u a l i ty  re q u ire m e n t o r  w hich r e q u i r e s  more 
in s p e c t io n  s t a t i o n s  th a n  a re  a llo w ed . When th e  se a rc h  f o r  an o p tim a l 
in s p e c t io n  p la n  i s  c o n d u c ted , th o s e  in f e a s ib l e  s t a t e s  w i l l  be r e j e c te d  
a u to m a tic a l ly  due to  t h e i r  h ig h  c o s t s .  The p ro ced u re  f o r  ch eck in g  
th e  q u a l i t y  l e v e l  i s  g iv en  in  th e  flo w  c h a r t  in  F ig u re  4 -1 1 , and th e  
p ro c e d u re  f o r  ch eck in g  th e  in s p e c t io n  e f f o r t s  i s  g iven  in  th e  flo w  
c h a r t  in  F ig u re  4 -12 .
An Example w ith  Q u a li ty  R equirem ents and a L im ita t io n  on In s p e c t io n  E f f o r t s
C o n sid er th e  same exam ple a s  u sed  e a r l i e r  in  t h i s  c h a p te r .
Assume t h a t  th e  management h as  s t a t e d  t h a t  (1) in  th e  f i n a l  o u tp u t th e  
d e f e c t iv e  item s can n o t exceed  8 p e rc e n t  o f th e  t o t a l  p ro d u c e , and (2) th e  
maximum a llo w a b le  number o f I n s p e c t io n  s t a t i o n s  in  th e  system  i s  
th r e e .
To p u t th e s e  two new re q u ire m e n ts  in to  th e  sy stem , s u b ro u tin e  
p ro c e d u re s  a re  c a l l e d  to  check  th e  q u a l i ty  o f  th e  p roduce  and th e  
l e v e l  o f  in s p e c t io n  e f f o r t  b e fo re  th e  u n i t  c o s t  i s  com puted. U sing 
th e  d a ta  in  th e  e a r l i e r  exam ple, th e  fo llo w in g  o p tim a l in s p e c t io n  
p la n  r e s u l t s .
S ta g e  In s p e c t io n  A c t i v i t i e s
1 No In s p e c t io n
2 In s p e c t  and R ep a ir
3 No I n s p e c t io n
4 No In s p e c t io n
5 In s p e c t  and R ep a ir
6 No In s p e c t io n
7 In s p e c t  and R ep a ir
Minimum C ost = $193.77 














, -V  . .
| END j





BINACfXtj1: . ,^ )  I
NL=3**NT-(3**NT-1)/2 
NU=3**NT+(3**NT-1)/2












’ KR > 1 ? ---------------
I s  


















Figure 4-12: Inspection Effort Limitation Check
114
Conclusion.
The model as  developed  in  t h i s  c h a p te r  i s  v e ry  g en era l and 
shou ld  be a p p lic a b le  t o  most m u l t i - s ta g e  pro d u c t io n - in s p e c t  ion  
sy stem s. Any m u l t i - s t a g e  p ro d u c tio n  o p e ra t io n  whose p ro d u c tio n  
p ro c e ss e s  and c o s ts  a r e  rea so n ab ly  s t a b l e  over a  lo n g  pe rio d  o f tim e  
i s  a  c an d id a te  f o r  a p p l i c a t io n  o f  t h i s  model.
The two m odels developed i n  C h ap te rs  I I  and I I I  a s  w e ll a s  
most o th e r  models f o r  th e  a l lo c a t io n  o f  in s p e c tio n  e f f o r t s  in  a 
m u l t i - s ta g e  p ro d u c tio n  l i n e  as d ev e lo p ed  in  th e  s t u d i e s  review ed 
e a r l i e r  a r e  s p e c ia l  c a s e s  o f  t h i s  m odel. For exam ple, a  100 p e rc e n t  
p e r f e c t  in s p e c tio n  p r o c e s s  may be e x p re s se d  by t h i s  model by s e t t i n g  
B (i)  = 1 .0 0  and G (i) = 0 .0 0 . I f  th e  d e f e c t iv e  ite m s  id e n t i f i e d  by 
th e  in s p e c t io n  p ro c e s s  a r e  no t r e p a i r a b l e ,  t h i s  may b e  accomodated 
by s e t t i n g  CR(i) to  a  v e ry  la rg e  v a lu e .  A model w i th  no e x p l i c i t l y  
s t a t e d  q u a l i ty  re q u ire m e n t fo r  th e  f i n a l  o u tp u ts  o r  no r e s t r i c t i o n  
on in s p e c t io n  e f f o r t s  may be ach iev ed  by n o t c a l l i n g  th e  s u b ro u tin e  
to  check th e  q u a l i ty  l e v e l  o f f i n a l  o u tp u t  o r  th e  l e v e l  of in s p e c t io n  
e f f o r t s .
A w eakness i n  t h i s  model l i e s  in  th e  a ssu m p tio n s  about 
in s p e c t io n  c o s ts  and r e p a i r  c o s ts .  I t  was assumed t h a t  in s p e c tio n  
c o s ts  a t  each  s ta g e  a r e  c o n s ta n t and indep en d en t o f  e ach  o th e r .
In  many c a s e s , i t  w i l l  be  more re a s o n a b le  to  assum e th a t  the  
in s p e c t io n  c o s ts  a t  any  s ta g e  may be dependent upon th e  s tag e  a t  
which th e  p re v io u s  in s p e c t io n s  to o k  p la c e .  As f o r  r e p a i r  c o s ts ,  
i t  was assumed In  t h i s  model th a t  th e y  a re  c o n s ta n t  a t  each p ro d u c tio n
1X5
s ta g e .  I t  may be more re a s o n a b le  to  assume th a t  r e p a i r  c o s ts  depend 
n o t on ly  upon th e  s ta g e  a t  w hich th e  r e p a i r  i s  perform ed b u t a ls o  
upon th e  n a tu re  o f  th e  d e f e c t s .  A re v is e d  g e n e ra l  model s h a l l  be 
developed  i n  th e  fo llo w in g  p a ra g rap h s  to  answ er th e s e  c r i t i c i s m s .
In s p e c t io n  C ost and R ep a ir C ost
U su a lly  th e  in s p e c t io n  c o s t a t  a  g iv en  s ta g e  w i l l  be h ig h e r  
i f  th e re  w ere no p re v io u s  in s p e c t io n  a c t i v i t i e s  b e fo re  t h a t  s ta g e  
th a n  i f  th e r e  were p re v io u s  in s p e c t io n s .  F u rth e rm o re , th e  in s p e c t io n  
c o s t  a t  a  s ta g e  w i l l  p ro b a b ly  be h ig h e r  i f  th e  im m edia te ly  p re c ed in g  
in s p e c t io n  was conducted  fo u r  s ta g e s  p r i o r  to  t h i s  s ta g e  th an  i f  i t  
was o n ly  two s ta g e s  p r i o r  to  t h i s  s ta g e .  In  o th e r  w ords, in s p e c t io n  
c o s t  i s  n o t o n ly  a  fu n c t io n  o f th e  p o in t  o f th e  in s p e c t io n  a p p l ic a ­
t io n  b u t a ls o  a  fu n c t io n  o f  th e  p o in t  w here th e  im m edia te ly  p re c ed in g  
In s p e c t io n  was a p p lie d . To ta k e  accoun t o f  th e s e  c o n s id e ra t io n s  
C I ( i , j )  w i l l  r e p re s e n t  th e  c o s t  o f p e rfo rm in g  an In s p e c tio n  on one 
Item  a t  s ta g e  j  g iven  t h a t  th e  im m ed ia te ly  p re c ed in g  in s p e c tio n  was 
a t  s ta g e  i ,  where i  < j .  I f  th e r e  was no p re v io u s  in s p e c t io n ,  
d e f in e  i= 0 .
As fo r  r e p a i r  c o s t s ,  i t  i s  re a so n a b le  to  s p e c u la te  t h a t  th e y  
depend m ain ly  upon th e  n a tu r e  o f  th e  d e f e c ts  and th e  number o f 
a d d i t io n a l  p ro d u c tio n  o p e ra t io n s  w hich have been  perform ed a f t e r  th e  
d e fe c ts  f i r s t  o c cu rred . T h e re fo re , r e p a i r  c o s t  i s  a  fu n c tio n  o f 
b o th  th e  s ta g e  a t  which th e  d e fe c t  o c c u rre d  and th e  s ta g e  a t  which 
th e  r e p a i r  I s  perfo rm ed . For exam ple, C R ( i , j )  m ight r e p re s e n t
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th e  u n i t  c o s t  to  r e p a i r  one d e f e c t iv e  item  a t  s ta g e  j  g iven  th a t  th e  
d e fe c t  in  t h i s  item  was caused  a t  s ta g e  i .  (Where i  j . )
W ith th e s e  p o in ts  in  m ind, s e v e ra l  r e v is io n s  w i l l  now be made 
in  th e  m odel. S ince i t  i s  assumed t h a t  b o th  In s p e c tio n  c o s ts  and 
r e p a i r  c o s ts  a t  any s ta g e  a re  fu n c t io n s  o f  th e  a c t i v i t i e s  o f p re v io u s  
s ta g e s ,  i t  i s  n e c e s sa ry  to  keep  t r a c k  o f th e  a c t i v i t i e s  o f ev ery  
s ta g e .
At t h i s  p o in t ,  i t  shou ld  be m entioned  t h a t  th e  o p tim a l 
in s p e c t io n  l e v e l s  a re  s t i l l  e i t h e r  ze ro  o r 100 p e rc e n t  f o r  th e  
re v is e d  m odel. The re a so n s  a re
1. T here i s  o n ly  one c o n tr o l  v a r i a b le  in  th e  model— Q.
2. Q a f f e c t s  P , b u t o n ly  th e  p re v io u s  Q’ s .  I . e . ,
= f ( Q i » Q2 * * *•> Qk- 1 ^ *
3 . There i s  no te rm  in  th e  c o s t  fu n c tio n  f o r  j  > 1.
4 . The number o f ite m s  o f  good f i n a l  p ro d u c t i s  de term ined  
f o r  each  p o s s ib le  in s p e c t io n  a l t e r n a t i v e .  T h is  i s  th e  
common denom inato r o f th e  u n i t  c o s t  fu n c tio n .
5. The in t r o d u c t io n  o f C I ( i , j )  and C R ( i ,j )  does n o t change 
th e  r e l a t i o n s  betw een P and Q, i t  o n ly  a f f e c t s  th e  
c o s t  co m p u ta tio n .
L as t In s p e c t io n  P o in t and In s p e c t io n  Cost
To d e te rm in e  th e  p ro p e r  in s p e c t io n  c o s t  i f  an in s p e c t io n  i s  
perfo rm ed , i t  i s  n e c e s sa ry  to  f in d  th e  im m edia te ly  p re v io u s  In s p e c tio n  
p o in t  b ecause  i t  i s  now assumed th a t  th e  in s p e c t io n  c o s t  i s  n o t o n ly
117
a fu n c tio n  o f th e  in s p e c t io n  p o in t  b u t a lso  th e  im m ediately  p reced in g  
in s p e c t io n  p o in t .  To f in d  th e  im m ediately  p re c ed in g  in s p e c tio n  p o in t ,  
th e  fo llo w in g  p ro ced u re  i s  u sed . Assuming an in s p e c t io n  s t a t e  n ( 
a cco rd in g  to  th e  d e c is io n  t r e e  s e t-u p  o f th e  system , i t  must be 
p o s s ib le  to  w r ite  n as 
n = 3k 
o r n  = 3k + 1 ,
where k  i s  an in te g e r .  A slo k  r e p re s e n ts  th e  s t a t e  im m ediately  
p reced in g  n . I f  k can  be w r i t t e n  as  3m o r  3nrKL, where m i s  a lso  an 
in te g e r ,  then  th e  im m edia te ly  p re c ed in g  in s p e c tio n  p o in t  was a t  the  
s t a t e  im m ediately  p re c ed in g  n . I f  k  i s  w r i t t e n  a s  3m -l, th en  th e re  
was no in s p e c tio n  a t  s t a t e  k  (n*s Im m ediately p reced in g  s t a t e ) .  In  
t h i s  case  i t  i s  n e c e ssa ry  to  s e a rc h  fo r  th e  im m edia te ly  p reced in g  
s t a t e  to  k . T his s t a t e  i s  deno ted  as  m. I t  i s  n e c e ssa ry  to  determ ine  
w hether o r  n o t m can  be w r i t t e n  as  3L o r 3L+1, where L I s  an in te g e r .  
By c o n tin u in g  t h i s  a n a ly s i s ,  i t  i s  p o s s ib le  to  d e te rm in e  where th e  
l a s t  in s p e c t io n  to o k  p la c e . I f  th e  l a s t  p re v io u s  s t a t e  was 1 , then  
th e re  was no p re v io u s  in s p e c t io n .
The p ro cedure  to  be u sed  may be  c l a r i f i e d  by th e  fo llo w in g
exam ple. Assume th a t  th e  system  i s  in  s ta g e  3 and s t a t e  24. Here
an in s p e c t io n  i s  made s in c e  24 = 3k, where k = 8 . The im m ediately
p re c ed in g  s t a t e  to  s t a t e  24 i s  s t a t e  8. S ta te  8 can be w r i t te n  as  
3m-l w here m = 3 . T h is in d ic a te s  th a t  th e r e  was no in s p e c tio n  in  
t h i s  s t a t e .  T h e re fo re  th e  p reced in g  in s p e c t io n  s t a t e  to  s t a t e  24 
was n o t in  s ta g e  2. The im m ediate ly  p reced in g  s t a t e  to  s t a t e  8 was 
s t a t e  3 , which can be w r i t t e n  as 3L and L = l. T h is  in d ic a te s  th a t  an
118
in s p e c t io n  was made in  s t a t e  3. T h e re fo re , th e  im m ed ia te ly  p reced in g  
in s p e c t io n  p o in t  to  s t a t e  24 was s ta g e  1. The in s p e c t io n  c o s t  a t  
s t a t e  24 i s  th en  C l (1 ,3 )  p e r  u n i t .  The same a n a ly s i s  may be used  to  
i d e n t i f y  th e  im m edia te ly  p re c e d in g  in s p e c t io n  p o in ts  f o r  a l l  th e  
in s p e c t io n  s t a t e s .
The p ro ced u re  developed  to  i d e n t i f y  th e  im m ed ia te ly  p re c ed in g  
in s p e c t io n  p o in t  i s  p re s e n te d  in  F ig u re  4 -13 .
D e fe c tiv e  Item s and R ep a ir C o sts
I f  th e  r e p a i r  c o s ts  a r e  d i f f e r e n t  f o r  d e f e c t iv e  ite m s  which 
p o s se ss  d i f f e r e n t  ty p e s  o f d e f e c t s ,  com puta tion  o f  th e  t o t a l  r e p a i r  
c o s ts  f o r  each  s t a t e  would r e q u i r e  m ain ten an ce  o f  re c o rd s  f o r  each 
d i f f e r e n t  ty p e  o f d e fe c t  a t  each  s t a t e .  To do t h i s ,  th e  fo llo w in g  
n o ta t io n  i s  in tro d u c e d :
p d ( i ,n )  = th e  p ro p o r t io n  o f  d e f e c t iv e  ite m s  in  s t a t e  n o f
s ta g e  j  such t h a t  th e  d e f e c t  was cau sed  in  th e
i t h  s ta g e ,  j  can  be d e te rm in ed  by E q u a tio n  4 -8 .
pp (n ) = th e  p ro p o r t io n  o f d e f e c t iv e  item s which have two 
o r more d e f e c ts  a t  s t a t e  n o f  s ta g e  j .
p (n ) = t o t a l  f r a c t i o n  d e f e c t iv e  in  s t a t e  n o f  s ta g e  j .
T h e re fo re ,
j
p (n ) = pp (n ) + £ p d ( i , n ) .  (4 -27)
i= l
To s im p lify  th e  m odel, i t  i s  assumed th a t  ite m s  w ith  two o r 
more d e f e c ts  a re  n o t r e p a i r a b l e .  Given a  s t a t e  n ,  w ith  th e  above 
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TCR = l  p c ( i ,n ) - C R ( i , j ) .  <4-28)
i= l
where C R ( i ,j )  i s  th e  u n i t  r e p a i r  c o s t  to  r e p a i r  a d e fe c t iv e  item  a t
s ta g e  j  g iven  th a t  th e  d e fe c t  in  th e  item  was caused in  th e  i t h  s ta g e .
Thus, i f  p d ( i ,n )  and pp (n ) can be  determ ined  f o r  each s t a t e  i t  i s
p o s s ib le  to  compute th e  r e p a i r  c o s ts  f o r  each s t a t e .  S ince Im p erfec t
in s p e c t io n  i s  assumed, th e  p rim e, in d ic a t in g  th e  " a f t e r  in sp e c tio n "
n o ta t io n  i s  k e p t. Thus,
p d ’ ( i ,n )  = th e  f r a c t i o n  d e fe c t iv e  a f t e r  th e  in s p e c tio n  and
r e p a i r  a t  s ta g e  j  w ith  th e  d e fe c t  caused a t  th e
i t h  s ta g e ,
p p '(n )  -  th e  p ro p o r t io n  o f d e fe c t iv e  item s a f t e r  in s p e c tio n
which have two o r  more d e fe c ts  a t  s ta g e  n o f
s ta g e  j ,
p '( n )  = t o t a l  f r a c t io n  d e fe c t iv e  a f t e r  th e  in s p e c t io n  in
s ta g e  n  o f s ta g e  j .
F ra c t io n  D e fe c tiv e  and R ecu rs iv e  C ost F unc tio n s
Assume a  s t a t e  n  in  s ta g e  j  w ith  th e  fo llo w in g  p ro p o r tio n s
of d e fe c t iv e  item s and th e  t o t a l  number o f  item s in  th e  s t a t e  ready
to  e n te r  th e  n ex t p ro d u c tio n  o p e ra t io n , j+ 1 ,
p d ' ( l , n ) , 
p d '( 2 ,n ) ,
p d '( j  » n ),
P P '( n ) ,
P ’ GO,
S *( n ) .
A fte r  th e  n e x t p ro d u c tio n  o p e ra t io n , j+ 1 , which h a s  a  p ro d u c tio n  
f a i l u r e  r a t e  t ( j + l ) ,  th e  new fo rm u la tio n  fo r  th e  p o rp o r tio n  o f
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d e f e c t iv e  item s and th e  number o f  item s w i l l  b e  as  fo llo w s  f o r  th e  
im m edia te ly  su cceed in g  s t a t e  o f  n , nx ;
p d ( l ,n x )  = p d 1( l , n ) *[ 1 - t ( j + 1 ) ] ,
p d ( j ,n x )  = p d ’ ( j ,n )*  [ 1 - t ( j + 1 ) ] ,  
p d ( j+ l ,n x )  = [ 1 - p '( n ) ] * t ( j + l ) ,
j
pp(nx) = p p ’ (n) +  Z p d ’ ( i , n ) * t ( j + l )  ,
1=1
j
p (nx) = p p (n x ) + Z p d ( i ,n x ) ,  
i = l
s (n x ) * s f (n ) .  (4 -29)
I f  th e re  i s  no in s p e c t io n  e f f o r t  a f t e r  p ro d u c tio n  o p e ra tio n
j+ 1 , th e  above v a lu e s  th en  become th e  f r a c t i o n s  d e f e c t iv e  a f t e r  th e
in s p e c t io n  and s e rv e  as  th e  in p u ts  f o r  th e  n e x t s ta g e .  That i s ,
p d '( l , n x )  = p d ( l ,n x ) ,  
p d '(2 ,n x )  = p d (2 ,n x ) ,
PP*(nx) = p p (n x ) , 
p* (nx) = p (n x ) ,
S’ (nx) = S (n x ) . (4 -30)
The t o t a l  c o s ts  o f  go ing  th ro u g h  t h i s  p ro d u c tio n  s ta g e  i s  eq u a l to  
th e  p ro d u c tio n  c o s ts  p lu s  th e  p o s s ib le  h a za rd  c o s t  to  th e  n e x t 
p ro d u c tio n  s ta g e  cau sed  by th e  u n id e n t i f i e d  d e f e c t iv e  ite m s . These 
may be computed a s
C(nx) = S (nx) *C P(j+ l) + S ' (nx) *p ’ (nx) • C H (j+ l). (4-31)
I f  th e re  i s  an in s p e c t io n  a t  t h i s  s ta g e ,  w ith  in s p e c t io n  
e f f e c t iv e n e s s  e x p re sse d  as  B (j+ 1 ) and G (j+ 1 ), th e  f r a c t io n s  
o f  good item s  and d e f e c t iv e  ite m s  w hich a r e  a cc e p ted  and r e je c te d  
w i l l  be  computed a s
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A(nx) = [ l - p ( n x ) ] * [1 -G ( j+ 1 )] ,
R6(nx) « [ 1 - p ( n x ) ]■G (j+ 1 ) ,
S
A ® (l,nx) = p d ( l ,n x )  ■ [1 -B (j+ 1 ) ] ,
A. ( j+ 1 ,a x )  = p d ( j+ l ,n x )  * [1 -B (j+ 1 ) ] ,  
Rb ( l ,n x )  = p d ( l ,n x ) * B ( j+ l ) ,
Rfa( j+ l ,n x )  = p d ( j+ l ,n x )  * B (j+ l) ,
Abd = pp t 1-B d  +1^  »
E ^ C n x ) = pp (nx) * B ( j+ l) . (4 -32)
H e re , A r e p r e s e n t s  th e  p r o p o r t io n  o f  good ite m s  w hich have  beenO
a c c e p te d  o r p a sse d  th ro u g h  th e  in s p e c t io n  s t a t i o n ,R g r e p r e s e n ts  
th e  p r o p o r t io n  o f  good ite m s  w hich w ere m is ta k e n ly  i d e n t i f i e d  a s  
d e f e c t iv e  ite m s  by  th e  in s p e c t io n  p r o c e s s .  A ^ i j n x )  r e p r e s e n ts  th e  
p ro p o r t io n  o f  d e f e c t iv e  i te m s  w ith  d e f e c t s  r e s u l t i n g  from  s ta g e  i  
w hich  w ere a c c e p te d  a t  t h e  in s p e c t io n  s t a t i o n .  Rb ( i ,n x )  r e p r e s e n ts  
th e  p ro p o r t io n  o f  d e f e c t iv e  ite m s  w ith  d e f e c t s  r e s u l t i n g  from  s ta g e  i  
and w hich w ere i d e n t i f i e d  and r e j e c t e d  by th e  in s p e c t io n  p ro c e s s .
Ab(j  r e p r e s e n t s  th e  p r o p o r t io n  o f  d e f e c t iv e  ite m s  w ith  two o r  more 
d e f e c t s  w hich have b een  a c c e p te d  and r e p r e s e n ts  th e  p ro p o r t io n  
o f  d e f e c t iv e  ite m s  w ith  two o r  m ore d e f e c t s  w hich w ere r e j e c t e d  by 
th e  in s p e c t io n  p ro c e s s .
I f  th e  d e c is io n  i s  made to  d is p o s e  o f  th e  d e f e c t iv e  item s  
i d e n t i f i e d  th e n  th e  fo l lo w in g  p ro p o r t io n s  o f  a c c e p ta n c e  and r e j e c t i o n  
w i l l  r e s u l t .
j+ 1
TAB = Z Ab ( i ,n x )  +  A ^ n x ) ,  (4 -33)
1—1
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TAB i s  th e  p ro p o r t io n  o f d e f e c t iv e  ite m s  which w ere n o t i d e n t i f i e d ,
TAC is  th e  t o t a l  p ro p o r t io n  o f  item s w hich have been  a c c e p te d  and
l e f t  in  th e  p ro d u c tio n  b a tc h ,  and TRB i s  th e  t o t a l  p ro p o r t io n  o f
r e je c te d  i te m s . A f te r  d is p o s in g  o f d e f e c t iv e  item s \d iich  w ere
i d e n t i f i e d  th e  p ro p o r t io n  o f  d e f e c t iv e  item s s t i l l  in  th e  b a tc h  i s
p d * ( l ,n x )  = Ab (l,n x )/T A C , 
p d * (2 ,n x ) = A k(2,nx)/TA C S
»
p d '( j + l ,n x )  = Ab (j+ l,n x )/T A C , 
p p ' (nx) = Ab d (nx)/TAC,
j+ 1
p '( n x )  = pp*(nx) +  2 p d '( i , n x ) .  (4
i = l
The t o t a l  number o f item s l e f t  i n  th e  p ro d u c tio n  b a tc h  i s  
S '(n x )  = S (n x )* TAC » S '(n)*TA C , and 
th e  t o t a l  c o s t  to  th e  system  in  t h i s  s t a t e  i s
C(nx) «  S(nx) *X P(j+ l) +  S(nx) *C I(k , j+ 1 ) + S 1 (nx) *p’ (nx)
The f i r s t  te rm  in  th e  r i g h t  hand s id e  o f  E q u a tio n  4-37 i s  th e  
p ro d u c tio n  c o s t .  The second  te rm  i s  th e  in s p e c t io n  c o s t ,  assum ing 
th a t  th e  l a s t  in s p e c t io n  was perform ed  a t  s ta g e  k .  The th i r d  term  
i s  h a za rd  c o s t  in  th e  n e x t  p ro d u c tio n  o p e ra t io n  due to  u n id e n t i f i e d  
d e f e c t iv e  ite m s . The f o u r th  te rm  i s  d is p o s a l  c o s t s .  A ll  th e  c o s ts  
a r e ,  a s  b e f o r e ,  ex p ec ted  c o s ts  in  th e  long  ru n .
• CH (j+l) +  S(nx) *TRB* [CD(j+1) -  C S ( j+ l) ] . (4 -37)
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I f ,  on th e  o th e r  hand, th e  d e c is io n  a f t e r  th e  in s p e c tio n  i s  
to  r e p a i r  th e  d e fe c t iv e  item s I d e n t i f i e d ,  and assum ing th a t  id e n t i f i e d  
d e fe c t iv e  item s which have two o r  more d e fe c ts  a re  n o t r e p a ir a b le  
w h ile  d e fe c t iv e  item s w ith  on ly  one d e fe c t  w i l l  b e  re p a ire d  and pu t 
back  in to  th e  p ro d u c t group as good i te m s , th e  p ro p o r tio n s  accep ted  
w i l l  be
j+1
TAB = Aj^Cnx) + £ A ^ ( i ,n x ) ,  (4-38)
i= l  13
and
TAC = 1 = Rb d (n x ). (4-39)
A fte r  th e  in s p e c t io n  and r e p a i r  th e  new p ro p o r tio n  o f  d e fe c tiv e s
in  th e  s t a t e  w i l l  be
pd ’ ( l ,n x )  = A ^(l,nx)/TA C ,
»
*
p d '( j ,n x )  = A ,( j  ,nx)/TAC, 
pd ' ( j+ l ,n x )  = Ab (j+ l,nx )/T A C , 
p p '(n x )  = A ,,(nx)/TA C ,
j+ 1
p f (nx) = pp(nx) + £ pd ’ ( i ,n x ) .  (4-40)
i= l
The t o t a l  number o f  item s l e f t  in  th e  p ro d u c tio n  b a tch  i s
S '(n x )  ® S(nx)*TAC. (4-41)
The t o t a l  c o s t  o f t h i s  s t a t e  i s
C(nx) = S(nx) ■ C P (j+ l) + S(nx) * C I(k ,j+ l)  + S ’ (nx) • p 1 (nx)
j+1
• CH(j+l) + S (nx) * Rg (nx) ■ CRG(j+1) + £ S (n x )‘Rb
i= l
( 1 , j+ 1 ) • C R (i,j+ 1 ) + S(nx) *Rb d (nx) • [C D (j+ l)-C S (j+ l) ] , (4-42) 
The f i r s t  terra in  th e  r i g h t  hand s id e  o f E q u a tio n  4-42 i s  th e  
p ro d u c tio n  c o s t .  The second term  i s  in s p e c tio n  c o s ts .  The th i r d
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term  I s  th e  h aza rd  c o s t  a t  th e  n e x t p ro d u c tio n  s ta g e  caused  by 
u n id e n t i f i e d  d e f e c t iv e  ite m s . The f o u r th  term  i s  th e  r e p a i r  c o s ts  
sp e n t f o r  good ite m s  m is ta k e n ly  i d e n t i f i e d  as  bad ite m s . The f i f t h  
te rm  i s  th e  r e p a i r  c o s ts  f o r  r e p a i r  o f  t r u e  d e f e c t iv e  item s  i d e n t i ­
f i e d  by th e  in s p e c t io n  p ro c e s s .  The s ix th  te rm  r e p r e s e n ts  d is p o s a l  
c o s ts  f o r  th o s e  d e f e c t iv e  ite m s  i d e n t i f i e d  by th e  in s p e c t io n  p ro c e ss  
w hich a r e  n o t r e p a i r a b le .
E q u a tio n s  4 -2 9 , 4 -3 0 , 4 -3 2 , 4 -3 3 , 4 -3 4 , 4 -3 5 , 4 -3 7 , 4 -3 8 , 
4 -3 9 , and 4 -40  a r e  r e c u r s iv e  fu n c t io n s  o f  th e  f r a c t i o n  d e fe c t iv e  a t  
two c o n se c u tiv e  s t a t e s .  E q u a tio n s  4 -3 1 , 4 -3 7 , and 4-42  a re  r e c u r s iv e  
c o s t  fu n c tio n s  f o r  two c o n se c u tiv e  s t a t e s .  In  o th e r  w ords, i f  th e  
f r a c t i o n  d e fe c t iv e  and c o s ts  f o r  th e  f i r s t  s t a t e  in  th e  system  a re  
known, th e  f r a c t io n s  d e fe c t iv e  and c o s t  fo rm u la t io n s  f o r  a l l  o th e r  
s t a t e s  in  th e  sy stem  can be  d e te rm in ed . The f r a c t i o n  d e f e c t iv e  i n  
th e  f i r s t  s t a t e  i n  th e  system  i s  ze ro  b ecau se  we t r e a t  th e  f r a c t i o n  
d e f e c t iv e  i n  th e  raw m a te r ia l s  in p u t  a s  th e  p ro d u c tio n  f a i l u r e  r a t e  
o f  th e  f i r s t  s ta g e .  The I n i t i a l  q u a n t i ty  o f raw m a te r ia l s  in p u t 
i s  th e  q u a n t i ty  o f  item s i n  th e  f i r s t  s t a t e .  A ll o f  th e s e  a re  
p re d e te rm in e d . In  th e  f i r s t  s t a t e  o f  th e  system ,
S ( l )  = SO, 
s* CD = S ( 1 ) ,  
p d )  = 0 ,
and
P ' < 1 ) = P ( 1 ) .
126
The c o s t  o f  th e  f i r s t  s t a t e  i s  z e ro . This means th a t  th e  
c o s t fo r  ev ery  p o s s ib le  s t a t e  in  th e  system  i s  com putable. The 
p rocedure  fo r  com puting th e se  c o s ts  i s  d e p ic te d  in  th e  flow  c h a r t  
in  F ig u re  4 -14 . The r e l a t i o n s  betw een any two c o n se c u tiv e  s t a t e s  
a re  summarized in  F ig u re  4-15 .
W ith th e  c o s t in fo rm a tio n  o b ta in e d , th e  o p tim a l in s p e c tio n  
p lan  can then  be i d e n t i f i e d  by th e  sea rc h  program  developed in  th e  
p rev io u s  s e c t io n .  A ll o f  th e se  a re  dem onstra ted  in  th e  fo llo w in g  
exam ple.
A H y p o th e tic a l Example Use o f th e  R evised G eneral Model
Assume th a t  th e re  i s  a  s ix - s ta g e  p ro d u c tio n - in sp e c t io n  system  
w ith  th e  p ro d u c tio n  f a i l u r e  r a t e ,  u n i t  p ro d u c tio n  c o s t ,  u n i t  c o s t  
f o r  r e p a ir in g  a good ite m , u n i t  h aza rd  c o s t ,  u n i t  d is p o s a l  c o s t ,  u n i t  
sa lv ag e  v a lu e , and e f f e c t iv e n e s s  o f  in s p e c tio n  fo r  each s ta g e  g iven  
as in  th e  fo llo w in g  t a b l e .  In  t h i s  example th e  q u a n ti ty  o f in p u t 
raw m a te r ia l  i s  1 ,000 u n i t s  and th e  p e n a lty  charge  f o r  each d e fe c ­
t iv e  item  reach in g  th e  custom er i s  $80.
P ro d u c tio n
Stage t CP CRG CD CS B G
1 .05 $20.00 $ 4 .00 $ 2 .00 $1.00 .90 .05
2 .04 25,00 6 .00 4 .0 0 2 .00 .95 .03
3 .03 35 .00 9.00 6 .00 3 .00 .98 .02
4 .02 45 .00 17 .00 12 .00 5 .00 .95 .03
5 .04 40 .00 13 .00 9 .00 4 .50 .96 .03
6 .02 60.00 21 .00 15 .00 7.00 .97 .02
The in s p e c tio n  c o s ts  a t  each s ta g e  a re  dependent upon th e  p o in t  
where th e  l a s t  in s p e c t io n  was perfo rm ed , and we assumed h ere  to  be 
as fo llo w s .
] READ IN' NS, S 0 i" t( l jV " C P (k )‘,C I ( i t j ' ) ,
C R ( i,j)  ,C D (i) ,C S (i) »CI1(1) ,CRG(ii) ,B ( i )  ,G (i)  
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E q u a tio n s  
4 -2 9  4-41  
4 -3 0  4-42  
4 -3 2  4-39  
4 -3 8  4-40
WRITE 
C(K)
,  ;r  ,
| CONTINUE ]
1... V  .








  V .......
E q u a tio n s  
4-29  4-35
4 -3 0  4-36  
4 -3 2  4-3?  
4 -3 3  
4 -3 4
F ig u re  4 -1 4 :  C ost C om putation  fo r  R ev ised  Com prehensive Model o f
I’r n f l n r H n n  T n s p p r H n n  P vnt nm
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pd(2 ,nx |nx= 3 n -l)= p d 1( l , n ) • [ l - t ( j )]  
p d (2 ,ux )= pd ' ( 2 ,n ) * [ l - t ( j )  ]
p d '( l ,n x )  = p d ( l ,n x )
p d r ( l ,n )  
pd*( 2 ,a)
pd’ ( j - l , o )  
pp ' (n) 
p ' (u)
S ’ Cn)
pd ( j - l ,n x ) = p d ' ( j - l , n )  * [ l - t ( j ) ]
p d ( j ,n x ) = [ l - p '( n ) ] * t ( j )
j - 1
p p (n x )= p p '(n )+  E p d '( i , n ) * t ( j )  
1=1 
j - 1
p(nx)=pp(nx)+  E p d ( i ,n x )
1=1
S (nx )= S '(n )
p d ( l ,n x |n x = 3 n ) = p d '( l ,n ) * [ l - t ( j ) ]  
p d (2 ,n x )= p d '(2 ,n ) • [1 - t  Cj) J
p d ( j - l ,a x ) = p d f ( j - l , n )  • [ l - t ( j ) ]  
pd (j  > nx) = [ 1 -p ’ ( n ) ]* t (j )
j - 1  .
p p (n x )= p p '(n )+  E p d ' ( i , n ) - t ( j )  
1=1 
3-1
p(nx)=pp(nx)+  E p d ( i ,n x )
1=1
S (n x )= S '(n )
A (nx)= [1 -p (n x )]• [1-G (j )]
R„ (n x )= [ l-p (n x )] -G ( j)  
A jj(3^ix)=pd(l,nx) • [1—B(j  ) J
Ab (j ,nx )= pd(j ,nx) * [ l - B ( j ) ]  
Rb (1, nx) =pd (1 ,nx) • B (j  )
(3 >nx)°pd (n ,nx) * B(j ) 
p d ( l ,n x |n x = 3 n + l)= p d '( l ,n )*( l - t ( j )  
.pd (2 ,nx) p d '( 2 ,n ) ‘ l l - t ( j ) ]
p d ( j- l ,n x )= p d ' ( j - l , n )  • [1—t  (j  ) ] 
pd (j ,nx)=  [ l “p(n) ] ■ t  ( j ) 
p p (n x )= p p '(n )+  t  p d ' ( i , n ) *t ( j ) 
1=1
pd' ( j  ,nx)=pd (j , nx)
pp '(nx )= pp(nx ) . . . no
p 1(nx)=p(nx)
S '(nx )= S (nx )
Abd(nx)=pp(nx) • [1 -B (j> ] 
Rbd(nx )= p p (n x )-B (j)
j




TRB= E IV ( i ,n x )+ R ,j  (nx)+RG(nx) 
1=1
pd*(l,nx)=A v(l,nx)/T A C  
pd’ (2n,x)=Ab (2 ,nx)/TAC
pd ' ( j ,nx)=A. (j ,nx)/TAC 
pd ' (nx)=A, j /TAC j  
p ' (nx)=pp*(nx) + E p d '( i ,n x )  
i= l
S'(nx)=S(nx)-TAC
Abd(n x )= p p (n x )* [l-B (j)]  
Rbd Cnx) =PPfnx) *B (j) 
TAB=Abd + ^ A jf ijn x )  
1=1
TAC=1-Rb d (nx)
pd *(j , nx)=Ab (j , nx)/TAC• 
pp '(nx)=A bd/TAC
j
p '(n x )= p p '(n x )  + E 
1=1
S'(nx)=S(nx)-TAG
In sp e c tio n
In sp e c t ft 
D ispose
In sp e c t t, 
R epair
F igure  4 -15 : R ecursive R e la tio n s  o f Two C onsecutive S ta te s  in  the
Comprehensive Model o f th e  P ro d u c tio n -In sp e c tio n  System
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x/.j 1 2 3 4 5 6
0 $2.00 $4 .00 $7.00 $11.00 $16.00 $20.00
1 3.00 5 .00 8 .0 0 10.00 15 .00
2 — 4 .0 0 6 .00 9 .00 13 .00
3 — — — 5.00 7 .00 12.00
4 — — —, 6.00 11 .00
5 — — — — — 8 .00
In  th e  above t a b l e ,  1 r e p re s e n ts  th e  s ta g e  a t  which th e  l a s t  in sp e c ­
t io n  was perform ed and j  r e p re s e n ts  th e  c u r re n t  s ta g e . For exam ple, 
th e  In s p e c tio n  c o s t  fo r  in s p e c tin g  one item  a t  s ta g e  5 , g iven  th a t  
th e  l a s t  In s p e c tio n  was perform ed a t  s ta g e  2 i s  $ 9 .0 0 , o r  C l(2 ,5 )  = 
$ 9 .0 0 .5
R epair c o s ts  o f  d e fe c t iv e  item s depend upon th e  p o in t where 
th e  r e p a i r  i s  perform ed a s  w e ll a s  th e  k in d  o f  d e fe c ts  an item  h a s . 
Assume th a t  r e p a i r  c o s ts  a re  a s  g iven  in  th e  fo llo w in g  t a b le :
i / . i  1 2 3 4 5 6
1 $10.00 $27.00 $40.00 $48.00 $60.00 $80.00
2 15 .00 45 .00 50.00 70.00 85 .00
3 — 70.00 80 .00 92.00 100.00
4 — — 75.00 80 .00 118.00
5 — — — 76.00 120.00
6 — — — — 140.00
Here i  re p re s e n ts th e  ty p e of d e fe c t o r  th e  p o in t  where th e  d e fe c t
in  th e  item  was caused and j  r e p re s e n ts  th e  p o in t  where th e  r e p a i r
i s  perform ed. For exam ple, th e  u n i t c o s t  to r e p a i r  one d e fe c t iv e
item  a t  s ta g e  5 , g iven  th a t  th e  d e fe c t  in  th e  item  was caused  a t  
s ta g e  3 , i s  $92.00 (CR(3,5) = $92 .0 0 ).
Assume a ls o  t h a t  i s  i s  known th a t  th e  number o f  in s p e c tio n  
s t a t i o n s  th e  m an u fac tu rer can a llo w  in  t h i s  p ro d u c tio n  p ro cess  i s  
3 and th e  m an u fac tu re r w ants to  make su re  th a t  the  f r a c t io n  d e fe c t iv e
5i=0 in d ic a te s  th a t  th e re  was no p re v io u s  in s p e c tio n .
S '
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in  th e  f i n a l  o u tp u ts  w i l l  n o t be more th a n  5 p e rc e n t .
By p u t t in g  a l l  t h i s  in fo rm a tio n  in to  th e  model and u s in g  th e  
com puter program s developed  f o r  s o lv in g  f o r  th e  o p tim a l in s p e c t io n  
p la n ,  th e  fo llo w in g  In s p e c t io n  a c t i v i t i e s  have been  i d e n t i f i e d  as  
th e  o p tim a l a c t io n s .















The minimum c o s t  h a s  been  i d e n t i f i e d  a s  $245.99 p e r  u n i t  o f  
good f i n a l  p ro d u c t. The com puter program s and t h e i r  o u tp u ts  fo r  
t h i s  problem  a re  p re s e n te d  in  A ppendix 4-B .
CHAPTER V
APPLICATION OF THE PRODUCTION-INSPECTION 
MODEL TO A REAL SYSTEM
A lthough th e  g e n e ra l iz e d  model developed  in  C hap ter IV i s  
r e l a t i v e l y  com prehensive , i t  i s  s t i l l  n o t p o s s ib le  to  cover a l l  
c o n c e iv a b le  p ro d u c t io n - in s p e c t io n  system s in  th e  r e a l  w orld  due to  
th e  v a r i e t i e s  o f  p ro d u c t io n -o p e ra t io n s  t h a t  e x i s t .  Most p ro d u c tio n -  
in s p e c t io n  sy s tem s , even though  n o t co m p le te ly  c o n s i s te n t  w ith  th e  
assu m p tio n s o f  th e  m odel, need  o n ly  m inor a d ju s tm e n ts  to  u se  th e  
m odels developed  i n  th e  p re v io u s  c h a p te r s .  In  t h i s  c h a p te r ,  a  r e a l  
w orld  p ro d u c tio n  p ro c e s s  w i l l  be  in tro d u c e d  to  d em o n stra te  t h i s  
p o in t .
P ro d u c tio n  P ro c e ss  and I t s  D e fec t C h a r a c te r i s t i c s
The p ro d u c tio n  p ro c e ss  u sed  h e re  i s  one o f th e  assem bly l i n e s  
o f  GTE A utom atic E l e c t r i c  Company in  H u n ts v i l le ,  Alabama. The main 
fu n c t io n  o f  t h i s  p ro d u c tio n  l i n e  i s  to  assem ble  th e  r in g e r s  f o r  
te le p h o n e s . The assem bly l i n e  p ro c e ss  may be d iv id e d  in to  s ix  
s ta g e s .  A b r i e f  e x p la n a tio n  o f  each  o p e ra t io n  and i t s  d e fe c t  
c h a r a c t e r i s t i c s  a r e  summ arized as  fo llo w s :
1 . Assemble t e r m in a ls : The raw m a te r ia ls  e n te r in g  th e  f i r s t
o p e ra t io n  f o r  each  u n i t  o f  p ro d u c t a r e  a  b o b b in  and fo u r  te rm in a ls .
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The o p e ra t io n  i s  to  i n s e r t  th e  fo u r  te rm in a ls  in to  fo u r  n o tc h es  a t  
th e  end of th e  b o bb in  (two a t  each  e n d ). A d e fe c t  i s  caused  m ain ly  
by e i t h e r  b re a k in g  th e  te rm in a ls  o r  m is s in g  one o r  two o f th e  
te rm in a ls .
2. W inding and ta p in g  o p e r a t io n : A b o b b in  w ith  fo u r  te rm in a ls
a t  th e  ends i s  p assed  to  th e  n e x t s ta g e  w here th e  main o p e ra t io n  i s
to  wind m e ta l w ire s  on th e  bob b in  and wrap a t r a n s p a r e n t  ta p e  around 
th e  o u ts id e  o f  th e  w ire  so a s  to  p re v e n t th e  w ire s  from unw inding . A 
w ired  bobb in  i s  c a l le d  a  c o i l .  D e fec ts  which o c cu r h e re  a r e  u s u a lly  
caused by b re a k in g  th e  w ire . A broken  w ire  on a  bobbin  i s  n o t
r e p a i r a b le  and th e  w hole c o i l  h a s  to  be  throw n away.
3. S o ld e r  and la m in a t io n : A w ired  c o i l  i s  s e n t  to  th e  n e x t
o p e ra t io n  a t  which th e  m ain fu n c t io n  i s  to  ap p ly  s o ld e r  a t  th e  ends o f
each  te rm in a l and a p p ly  a  la m in a tio n  o u ts id e  th e  c o i l .  The s o ld e r  
and f lu x  le v e l  a t  th e  te rm in a l  a r e  de te rm in ed  by th e  amount o f tim e 
th e  c o i l  i s  i n  th e  s o ld e r .  E i th e r  an  e x c e s s iv e  o r  an i n s u f f i c i e n t  
amount o f s o ld e r  r e s u l t s  in  an  u n a c c e p ta b le  c o i l .
4. Assemble r i n g e r : The c o i l  i s  th e n  assem bled  by a  ta b -o n  
c o n n ec to r  to  a  r in g e r .  The o p e ra t io n  i s  done by hand. A ll  t h a t  has 
to  be done i s  to  t ig h te n  th e  screw s on th e  c o n n e c to r . U su a lly , no 
d e fe c ts  w i l l  be caused  a t  t h i s  o p e ra t io n .
5. T erm inal a p p l i c a t i o n : Four d i f f e r e n t  le a d  w ire s  a re
th en  assem bled  on to  th e  fo u r  te r m in a ls  o f  th e  c o i l .  The fo u r  
d i f f e r e n t  le a d  w ire s  a r e  d is t in g u is h e d  by fo u r  d i f f e r e n t  c o lo r s .
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The c o n n ec tio n  has to  be made by s o ld e r in g .  D e fec ts  a t  t h i s  s ta g e  
a re  u s u a l ly  caused  by e i t h e r  p u t t in g  th e  wrong le a d  w ire s  on th e  
te rm in a ls  o r  by bad s o ld e r in g .
6 . C a l ib r a t io n : C a l ib r a t io n  i s  an ad ju stm en t o f  th e  d e v ic e
i n  o rd e r  to  av o id  m ech an ica l d e f e c t s .  Every assem bled r in g e r  comes 
th ro u g h  t h i s  s te p  w here no new m a te r ia ls  a r e  added to  th e  r in g e r .
Bad a d ju s tm e n ts , how ever, c au se  d e f e c ts .
P ro d u c tio n  F a i lu r e  R ate
From p a s t  o p e ra t in g  e x p e r ie n c e , th e  p ro d u c tio n  f a i l u r e  r a t e
a t  each  s ta g e  o f  th e  p ro d u c tio n  o p e ra t io n  i s  q u i te  s t a b l e .  A summary
o f th e  p ro d u c tio n  f a i l u r e  r a t e s  a lo n g  w ith  th e  p o s s i b i l i t y  o f  r e p a i r
i s  g iv en  in  th e  fo llo w in g  t a b l e :
D e fec t P ro d u c tio n  R e p a ira b le
O p e ra tio n  C h a r a c te r i s t i c s  F a i lu r e  R ate  o r  Not
Assemble b roken  o r  m iss in g
te rm in a ls  te rm in a ls  .0316 yes
W inding &
ta p in g  broken  w ire s  .040  no
S o ld e r & u n a c c e p ta b le
la m in a tio n  l e v e l  o f  s o ld e r  •043 yes
Assemble
r in g e r  ----  .000 ----
Apply wrong le a d  w ire  o r
te rm in a ls  bad co n n ec tio n  .21  yes
C a l ib r a t io n  m ech an ica l d e f e c ts  ,0308 yes
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P ro d u c tio n  C osts
Due to  a  h ig h ly  c o m p e tit iv e  m arket f o r  te le p h o n e  in s tru m e n ts , 
th e  company i s  u n w ill in g  to  r e l e a s e  c o s t  in fo rm a tio n  abou t i t s  
p ro d u c ts . The in fo rm a tio n  which was p ro v id ed  to  t h i s  r e s e a rc h e r  
was ex p re ssed  i n  term s o f  p e rc e n ta g e s  o f  th e  u n i t  p ro d u c tio n  c o s t  o f  
a f in i s h e d  r i n g e r .  The p ro d u c tio n  c o s t s ,  i n  t h i s  c a s e , c o n s is t  
o f  th r e e  com ponents. These a re  raw m a te r i a l s ,  p u rch ased  p a r t s  
and la b o r  c o s ts .  The fo llo w in g  ta b le  c o n ta in s  in fo rm a tio n  on c o s t  
o f  p ro d u c tio n  e x p re ssed  i n  term s o f  p e rc e n ta g e s  o f th e  t o t a l  p roduc­
t i o n  c o s t  p e r  u n i t  o f  f in i s h e d  r in g e r .








In s p e c t io n  C osts
The in s p e c t io n  p ro c e s s  o f  t h i s  p ro d u c tio n  l i n e  r e q u i r e s  a 
s p e c ia l  t e s t i n g  d ev ice  a t  each  s ta g e  ex ce p t f o r  th e  f i r s t  o p e ra t io n  
w hich can  be  perform ed by u n a id ed  v i s u a l  in s p e c t io n .  A ll  o f  th e  
r e q u ire d  in s p e c t io n  equipm ent i s  a v a i l a b le  in  th e  company. To p erfo rm
P ro d u c tio n  C osts o f
O p e ra tio n  M a te r ia l  C o sts  P u rchased  P a r t s  Labor C osts  
Assemble
te rm in a ls  .0009 ,0183 .0047
W inding .2576 .0021 .0139
S o ld e r in g  .0048 .0000 .0589
Assemble
r in g e r  .000 ,0665 .0211
Apply
te rm in a l  .1718 .3652 .0242
C a l ib r a t io n  .0000 .0000 .0900
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th e  I n s p e c t io n s ,  o n ly  v a r i a b le  c o s ts  a r e  in c u r r e d ,  th e re  a re  no f ix e d  
c o s ts .  The v a r ia b le  c o s t  o f in s p e c t io n  a t  each  s ta g e  i s  dependent 
upon th e  s ta g e  a t  w hich th e  im m edia te ly  p re c ed in g  in s p e c t io n  was 
perfo rm ed . The in s p e c t io n  c o s ts  may be summ arized as  in  th e  fo llo w ­
in g  t a b le .  The c o s ts  h e re  a r e  a ls o  e x p re sse d  as  p e rc e n ta g e s  o f  t o t a l
u n i t  p ro d u c tio n  c o s t  o f  th e  f i n a l  p ro d u c t.
1 2 3 4 5 6
Assemble A ssem ble Apply C a l i -
O p e ra tio n  T erm in a ls  W inding S o ld e rin g  R in g e rs  T erm inals  b r a t io n
0. S t a r t .0001 .0137 .1249 .2210 .2941 .3725
1 . Assemble 
te rm in a ls — .0137 .1249 .2210 .2941 .3725
2. W inding — — .1083 .2044 .2534 .3107
3. S o ld e rin g — — — .1712 .2001 .2508
4 . Assem ble 
r in g e r s — — — — .1724 .2163
5 . Apply
te rm in a l — — — — — .1429
In s p e c t io n  E f fe c t iv e n e s s
The management i s  su re  t h a t  a good ite m  w i l l  n ev e r be
m is tak en  f o r  a d e f e c t iv e  one in  th e  in s p e c t io n  p ro c e ss  o f  t h i s  
p ro d u c tio n  l i n e .  As f o r  d e f e c t iv e  i te m s , th e  e f f e c t iv e n e s s  o f  th e  
in s p e c t  p ro c e s s  i s  dependen t upon th e  s ta g e  a t  which th e  in s p e c ­
t io n  i s  perfo rm ed . The fo llo w in g  t a b l e  p ro v id e s  an  e v a lu a tio n  o f 
th e  e f f e c t iv e n e s s  o f  th e  in s p e c t io n  p ro c e ss  from  p a s t  e x p e r ie n c e . 
E f fe c t iv e n e s s  i s  e x p re ssed  a s  a  p r o b a b i l i ty  o f id e n t i f y in g  d e f e c t iv e  
ite m s .
In s p e c t io n
S tage
F or Good 
Item s
F or Bad 
Item s
Assemble
te rm in a ls 0.0% 99%
W inding 0.0% 99%
S o ld e rin g 0.0% 99%
Assemble
r in g e r s 0.0% 99%
Apply
te rm in a ls 0.0% 99%
C a l ib r a t io n 0.0% 100%
D isp o sa l C osts and S a lv ag e  V alues
D isp o sa l c o s ts  o f  d e f e c t iv e  item s in  th h  p ro c e ss  r e s u l t  
m ain ly  from  rem oving d e f e c t iv e  item s  from  th e  assem bly  l i n e .  
M a te r ia ls  used  in  th e  d e f e c t iv e  ite m s  u s u a l ly  canno t be r e s o ld  o r 
re u se d . T h e re fo re , th e  s a lv a g e  v a lu e s  o f  d e f e c t iv e  item s a r e  
a l l  z e ro .
The fo llo w in g  t a b l e  p ro v id e s  in fo rm a tio n  on th e  c o s ts  o f 
d is p o s a l  a s  w e ll  as  s a lv a g e  v a lu e s  f o r  d e f e c t iv e  item s a t  each  
p ro d u c tio n  s ta g e .  These a re  a ls o  e x p re ssed  i n  term s of p e rc e n ta g e  
o f  th e  u n i t  p ro d u c tio n  c o s t  o f  one u n i t  o f  f i n a l  p ro d u c t.
P ro d u c tio n
O p era tio n





te rm in a ls .0001 .0000
W inding .0001 .0000
S o ld e r in g .0001 .0000
Assemble
r in g e r s .0010 .0000
Apply
te rm in a ls .0010 .0000
C a l ib ra t io n .0016 .0000
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Repair Costs
The c o s t s  o f  r e p a i r i n g  th e  d e f e c t iv e  ite m s  in  t h i s  p ro c e ss  
depend m ain ly  upon th e  k in d s  o f  d e f e c t s  th e  ite m s  p o s s e s s .  B roken 
w ire s  on th e  c o i l  cau sed  i n  th e  w in d in g  o p e r a t io n  a r e  n o t  r e p a i r a b le .  
A ll  o th e r  k in d s  o f  d e f e c ts  a r e  r e p a i r a b l e .
The c o s t s  o f  r e p a i r in g  th e  d e f e c t iv e  item s  in  t h i s  p ro c e s s  
a ls o  depend upon th e  p ro d u c tio n  s ta g e  a t  w hich  th e  d e f e c t iv e  item s 
a r e  r e p a i r e d .  A d e f e c t iv e  ite m  c o s t s  l e s s  to  f i x  r i g h t  a f t e r  th e  
d e f e c t s  have o c c u rre d  th a n  a f t e r  a  few m ore p ro d u c tio n  o p e ra t io n s  
have been  added . The r e p a i r  c o s t s  f o r  each  s ta g e  e x p re sse d  a s  
p e rc e n ta g e s  o f  th e  u n i t  p ro d u c tio n  c o s t  o f  a  f i n a l  p ro d u c t a r e  
p re s e n te d  in  th e  fo l lo w in g  t a b l e .
Assem ble S o ld e r -  Assem ble Apply C a l ib r a -
O p e ra tio n  T e rm in a ls  W inding in g  R in g e rs  T erm in a l t i o n
0 . Raw
M a te r ia ls  .0 0 0 0  .0000  .0000 .00 0 0  .0000 .0000
1 . A ssem ble
te r m in a ls  .0035 .0035 .0076 .0176 .0221  .0436
2. W inding —
3. S o ld e r in g  —
4 . Assemble
r i n g e r  —
5. Apply
te rm in a l  —
6 . C a l ib r a t io n  —
.0361 .1024 .2174  .4269




On th e  o th e r  hand , th e  company has e s t im a te d  th a t  a d e f e c t iv e  
r in g e r  assem bled  in  a te le p h o n e  w hich i s  su b se q u e n tly  i n s t a l l e d  in  
a  c u s to m e r 's  house w i l l  have a v e ry  la r g e  p e n a l ty  c h a rg e . P a r t  o f 
th e  ch arg e  comes from th e  o b l ig a t io n  to  r e p a i r  th e  d e f e c t iv e  phone 
o r  even re p la c e  i t .  P a r t  o f  th e  ch arg e  comes from  th e  l o s s  o f  good­
w i l l  to  th e  company. A c o n s e rv a tiv e  e s t im a te  i s  t h a t  t h i s  p e n a lty  
ch a rg e  sums to  a t  l e a s t  fo u r  tim es th e  v a lu e  o f  th e  r in g e r .  S ince  
a l l  o f  th e  c o s ts  u sed  in  t h i s  s tu d y  a r e  e x p re sse d  i n  term s o f  
p e rc e n ta g e s  o f  th e  u n i t  p ro d u c tio n  c o s t  o f  a f i n a l  r i n g e r ,  th e  
p e n a lty  ch arg e  o f  th e  o u tg o in g  d e f e c t iv e  ite m s  i s  s p e c i f ie d  as  400 
p e rc e n t  o f  th e  c o s t  o f  th e  r in g e r .  We may s e t  CH(6) = 4 .0 0 .
Q u a lity  R equirem ent
The company a c tu a l ly  has no e x p l i c i t l y  s t a t e d  q u a l i t y  s ta n d a rd  
r e q u ire d  f o r  i t s  f i n a l  o u tp u t .  Due to  th e  heavy p e n a lty  ch arg e  fo r  
d e f e c t iv e  r i n g e r s ,  how ever, th e  management o f  th e  company w ishes to  
keep th e  f r a c t i o n  d e f e c t iv e  i n  th e  f i n a l  o u tp u ts  a s  low as  p o s s ib le .
In  o rd e r  to  make s u re  t h a t  th e  f r a c t i o n  d e f e c t iv e  in  th e  f i n a l  
p ro d u c t i s  v e ry  low , a  q u a l i ty  re q u ire m e n t t h a t  no more th a n  .0001 
o f th e  f i n a l  o u tp u t i s  d e f e c t iv e  h as  been assumed by th e  r e s e a r c h e r .  
T h is  f ig u r e  was con firm ed  by th e  company.
N ecessa ry  R ev is io n s  o f  th e  Model
The m ost Im p o rtan t c h a r a c t e r i s t i c  o f  t h i s  assem bly l i n e  which 
d i f f e r s  from th e  model d eveloped  in  th e  e a r l i e r  c h a p te rs  i s  th a t  a 
broken w ire  on th e  bobb in  which was caused  in  th e  w ind ing  o p e ra t io n
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i s  n o t  r e p a i r a b le .  To a p p ly  th e  model to  t h i s  p ro c e s s , m inor 
r e v i s io n s  must be  made to  th e  model to  remove th e  assum ption  th a t  
i f  a d e c is io n  i s  made to  r e p a i r  d e f e c t iv e s ,  a l l  th e  d e f e c t iv e  item s 
w ith  on ly  one d e f e c t  a re  to  be  r e p a i r e d .  Only th o s e  item s w ith  
two o r  more d e f e c ts  a re  to  be sc ra p p e d . I f  item s w ith  one d e fe c t  
a r e  n o t r e p a i r a b le ,  th ey  can  be grouped w ith  ite m s  w ith  two o r  more 
d e f e c t s .  In  t h i s  way, th e s e  ite m s  w i l l  n o t  be s e n t  to  th e  r e p a i r  
d ep artm en t.
S ince  th e  o n ly  p la c e  w here b roken  w ire s  can be caused  i s  
a t  th e  second (o r  w ind ing ) o p e r a t io n ,  th e  newly produced d e fe c t iv e  
ite m s  in  t h i s  p ro d u c tio n  o p e ra t io n  w i l l  be c o n s id e re d  a s  h av in g  two 
o r  more d e f e c ts .  In  a com puter program , t h i s  may be done by th e  
fo llo w in g  s ta te m e n ts .
pp(2) = p p (2 ) + p d (2 ,2 )  
p d (2 ,2) = 0 .0 .
By p u t t in g  th e s e  two s ta te m e n ts  in  th e  program  r i g h t  a f t e r  th e  second 
p ro d u c tio n  o p e r a t io n ,  a l l  th e  item s w ith  b roken  w ire s  on th e  c o i l  
w i l l  be  c o n s id e re d  u n r e p a ir a b le .
The O ptim al In s p e c t io n  P la n
P u t t in g  a l l  th e  above c o s t  in fo rm a tio n  and th e  p a ram e te rs  
o f  th e  system  in to  th e  com puter program s developed  f o r  th e  r e v is e d  
g e n e ra l  model in  th e  p re v io u s  c h a p te rs  (and w ith  th e  n e c e s sa ry  
r e v i s io n  to  remove th e  p o s s i b l i t y  o f  r e p a i r  d e f e c ts  caused  by th e
140
w inding  o p e r a t io n ) ,  th e  fo llo w in g  r e s u l t  was i d e n t i f i e d  as th e  
o p tim a l in s p e c t io n  p la n .
P ro d u c tio n
S tag e  In s p e c t io n  R ep a ir o r  D ispose
1 No




6 Yes R epair
The u n i t  c o s t  r e s u l t i n g  from  th e  system  i s  103.21 p e rc e n t o f 
th e  t o t a l  v a lu e s  added to  th e  u n i t  o f  th e  r in g e r .  In  o th e r  w ords, 
in c lu s io n  o f  th e  two in s p e c t io n  s t a t i o n s  a t  th e  s ta g e s  In d ic a te d  and 
th en  r e p a i r in g  th e  d e f e c t iv e  item s found o r d is p o s in g  o f them, as 
in d ic a te d ,  adds an av erag e  8 .21  p e rc e n t  to  th e  t o t a l  u n i t  c o s t  o f 
th e  r in g e rs .®  The ex p ec ted  f r a c t i o n  d e fe c t iv e  in  th e  f i n a l  p ro d u c t 
i s  0 .0 0  p e rc e n t .  The com puter program s and t h e i r  o u tp u ts  f o r  t h i s  
problem  a re  p re s e n te d  in  Appendix 5-A.
The c u r re n t  q u a l i ty  c o n t r o l  system  o f  GTE i s  a  5% in s p e c t io n  
f o r  ev ery  s ta g e .  The c o s t  i s  n o t a v a i l a b le  to  th e  a u th o r . But a cc o rd - 
in to  th e  a u th o r 's  com puta tion  assum ing th e  p ro d u c tio n  i s  under th e  
c o n t r o l ,  th e  u n i t  c o s t p e r  f a u l t - f r e e  p ro d u c t i s  121% o f  th e  t o t a l  
v a lu e s  added to  th e  u n i t  o f  th e  r i n g e r s .
CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK
In  th e  p re c ed in g  c h a p te r s ,  th e  problem  of e s ta b l i s h in g  
in s p e c t io n  program s f o r  m u l t i - s ta g e  m a n u fa c tu r in g  p ro c e ss e s  has been 
s t r u c tu r e d  and a  m ethodology h a s  been developed  f o r  d e te rm in in g  th e  
o p tim a l In s p e c tio n  program  i n  term s o f  th e  c o s ts  o f  p ro d u c tio n , 
in s p e c t io n ,  d is p o s a l  o r  r e p a i r  o f  d e f e c t iv e  item s  d is c o v e re d , and 
o f  a llo w in g  d e f e c t iv e  item s to  re a ch  th e  cu s to m ers . I t  I s  f e l t  
t h a t  th e  ty p e  o f  p ro d u c tio n  l i n e  c o n s id e re d  in  t h i s  s tu d y  o ccu rs  
f r e q u e n t ly  in  in d u s t r y .  A s tu d y  of t h i s  k in d  i s  d e f i n i t e l y  w orth­
w h ile . Due to  th e  la r g e  number o f  v a r i a t i o n s  in  th e  in s p e c t io n  
a l l o c a t io n  problem  in  th e  r e a l  w o rld , a g e n e ra l iz e d  model w ith  a  
r ig o ro u s  m a th em atica l s o lu t io n  to  th e  problem  i s  a lm o st im p o ss ib le .
The p ro ced u re  used  in  t h i s  s tu d y  i s  s i g n i f i c a n t l y  d i f f e r e n t  from 
a l l  o th e r  r e l a t e d  s tu d ie s .  No e f f o r t  was made to  develop  an a n a ly t i c  
s o lu t io n  to  a m a th em atica l m odel f o r  s o lv in g  th e  p rob lem . In s te a d ,  
th e  p ro d u c t io n - in s p e c t io n  system  h a s , in  e f f e c t ,  been s e t-u p  a s  a 
d e c is io n  t r e e .  R ecu rs iv e  c o s t  fu n c tio n s  have been  developed to  
compute th e  c o s t  f o r  each p o s s ib le  s t a t e  in  th e  system . T his d e c is io n  
t r e e  app roach  w i l l  a llo w  in c lu s io n  o f  many more f e a tu r e s  o f  th e  
p ro d u c t io n - in s p e c t io n  sy stem  w ith in  th e  m odel. A f te r  th e  c o s t  
in fo rm a tio n  f o r  each  s t a t e  i s  o b ta in e d , th e  approach  to  f in d in g
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th e  o p tim a l in s p e c t io n  p la n  i s  to  compare th e  u n i t  t o t a l  c o s ts  p er 
u n i t  o f  good f i n a l  o u tp u t under e ach  p o s s ib le  p la n .
Four d i f f e r e n t  m odels have been developed  in  t h i s  s tu d y . 
A lthough th e  f i r s t  two m odels a r e  s p e c ia l  c a s e s  o f th e  t h i r d  one, 
and th e  f o u r th  model i s  a  r e v is io n  o f  th e  t h i r d  m odel, th e  f i r s t  two 
were developed  f o r  two r e a s o n s :
1 . They h e lp  to  b e t t e r  u n d e rs tan d  th e  problem  and to  d e r iv e  
th e  f i n a l  g e n e ra l  m odel.
2. Some p ro d u c tio n  p ro c e s s e s  in  th e  r e a l  w orld  a re  indeed  
a s  sim p le  as  one o r  th e  o th e r  o f  th e  f i r s t  two m odels. 
When th e  problem  s i t u a t i o n  i s  s u i t a b l e ,  th e  f i r s t  two 
models can  save  a  s u b s t a n t i a l  amount o f  com puter tim e 
and money s in c e  th e y  in v o lv e d  much l e s s  p o s s ib le  s t a t e s .
The r e v is e d  g e n e ra l  model developed  in  t h i s  s tu d y  covers  
a lm ost a l l  th e  c h a r a c t e r i s t i c s  o f  m ost s e q u e n t ia l  p ro d u c tio n  
in s p e c t io n  sy stem s. I t  can  be v e ry  u s e f u l  i n  id e n t i f y in g  th e  o p tim a l 
in s p e c t io n  p la n  f o r  m ost m u l t i - s ta g e  p ro d u c tio n  l i n e s .  S t i l l ,  as
Based upon th e  usage o f  LSU's IBM 360/65  com puter f a c i l i t i e s ,  
a s e v e r  s ta g e  p ro d u c tio n  l i n e  in  th e  g e n e ra l  model r e q u ir e s  10 .09  
seconds f o r  c o m p ile r , l in k a g e  and lo ad  and 13 .5 8  f o r  e x e c u tin g  th e  
problem . The c o m p ile r , l in k a g e  and lo a d  tim e  i s  abou t th e  same fo r  
p ro d u c t io n - in s p e c t io n  system  o f  any number o f  s ta g e s .  The e x e c u tio n  
t im e is  m ain ly  sp e n t f o r  com puting th e  c o s t  o f  each  p o s s ib le  s t a t e  
in  th e  system . In  a v e ra g e , a  s t a t e  in  th e  p ro d u c t io n - in s p e c t io n  
system  needs 0 .003 seconds to  compute th e  c o s t .  T h e re fo re , f o r  a  
N s ta g e  p ro d u c tio n  l i n e ,  th e  e s tim a te d  CPU tim e re q u ire d  to  f in d  th e  
o p tim a l in s p e c t io n  p la n  may be o b ta in e d  by N seconds.
0 .0 0 3 x a  3 ) 
i= l
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w ith  a l l  m odels, th e re  a re  some w eaknesses in  t h i s  m odel. The 
fo llo w in g  i s  a  l i s t  o f th e s e  w eak n esses, a lo n g  w ith  t h e i r  p o s s ib le  
s o lu t io n s  and recom m endations f o r  fu tu r e  w ork.
1 . The assum ption  t h a t  a  d e f e c t iv e  ite m  w ith  two o r  more
d e f e c ts  i s  n o t r e p a i r a b le  s im p l i f i e s  th e  com pu ta tion
o f th e  c o s t  c o n s id e ra b ly . However, som etim es th e  
assum ption  may n o t be v a l id .  I f  t h i s  i s  th e  c a s e ,  a 
re c o rd  sh o u ld  be k e p t f o r  a l l  th e  p o s s ib le  com bina tions 
o f  d e fe c ts  in  th e  d e f e c t iv e  item s  f o r  each s ta g e .
2. One req u ire m e n t o f  th e  r e p a i r  d e c is io n  i s  t h a t  the  
r e p a i r  p ro c e ss  m ust b e  perform ed to  e i t h e r  a l l  o r  none 
o f th e  d e fe c t iv e  item s  d is c o v e re d . In  some c a s e s , i t  
would be more re a so n a b le  to  assume th a t  th e  p ro d u ce r 
may d e c id e  to  r e p a i r  th o s e  d e f e c t iv e  item s w hich r e q u i r e  
l im i te d  e f f o r t  to  r e p a i r  and to  s c ra p  th o s e  ite m s  which 
r e q u i r e  g r e a te r  e f f o r t .  To In tro d u c e  t h i s  req u irem en t 
in to  th e  system  one cou ld  compare th e  c o s t  o f r e p a i r in g  
and th e  v a lu e s  o f  th e  d e f e c t iv e  ite m s  a t  each  s ta g e .
3. The assu m p tio n  th a t  b o th  th e  In s p e c t io n  c o s ts  and r e p a i r
c o s ts  a re  c o n s ta n t  may n o t be v a l id  i n  some i n d u s t r i e s  
where econom ies o f  s c a le  p la y  an im p o rta n t r o le .  
Economies o f s c a le  may r e s u l t  In  d im in ish in g  in s p e c t io n  
and r e p a i r  c o s t s .  In  t h i s  c a s e ,  i t  would be n e c e s sa ry  
to  e s t im a te  n o n l in e a r  c o s t  fu n c t io n s  f o r  in s p e c t io n  and 
r e p a i r .  The volume o f  each  p ro d u c tio n  b a tc h  would
th en  be an im p o rtan t p a ra m e te r.
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4 . I n s p e c t io n  c o s ts  c o n s id e re d  in  t h i s  s tu d y  a r e  in  term s
o f  u n i t  v a r i a b le  c o s ts  o n ly . In  many c a s e s , th e  d e c is io n
to  im plem ent In s p e c t io n  a t  a  p a r t i c u l a r  p o in t  may in v o lv e  
th e  p u rch ase  o r  u se  o f  ex p en s iv e  in s p e c t io n  equipm ent 
and may impose a d d i t io n a l  f ix e d  c o s ts  f o r  s e t t i n g  up 
th e  in s p e c t io n  s t a t i o n .  A u s e f u l  e x te n s io n  o f  t h i s  work 
would in c lu d e  th e s e  c o s ts  e x p l i c i t l y  in  th e  t o t a l  c o s t  
fu n c tio n .
5. In  t h i s  s tu d y , i t  i s  assumed th a t  th e re  a r e  no d e fe c t iv e
item s in  th e  raw m a te r ia l s .  T h e re fo re , th e  p o s s i b i l i t y
o f  s e t t i n g  up an  in s p e c t io n  s t a t i o n  b e fo re  th e  f i r s t  
p ro d u c tio n  o p e ra t io n  f o r  th e  raw  m a te r ia l s  in p u t  i s  n o t 
c o n s id e re d . To r e la x  t h i s  assum ption  and to  in c lu d e  th e  
p o s s i b i l i t y  o f  in s p e c t in g  raw m a te r ia l s ,  a l l  t h a t  would 
have to  be done i s  to  t r e a t  th e  raw m a te r ia l s  as th e  f i r s t  
p ro d u c tio n  o p e ra t io n .  The g e n e r ic  f r a c t i o n  d e f e c t iv e
i n  th e  raw m a te r ia l s  i s  th e n  th e  p ro d u c tio n  r a i l u r e  r a t e  
f o r  th e  f i r s t  p ro d u c tio n  o p e ra t io n s .  The c o s t  o f  raw 
m a te r ia ls  i s  th e  p ro d u c tio n  c o s t  o f th e  f i r s t  s ta g e .  A ll 
th e  o th e r  p ro d u c tio n  o p e ra t io n s  a r e  th e n  moved down one 
s ta g e .  The t o t a l  number o f  p ro d u c tio n  s ta g e s  i s  th e n  N +l.
6. I n  some c a s e s ,  th e  number o f  s ta g e s  may be so la r g e  th a t
th e  com puter m ay  n o t be a b le  to  p ro v id e  enough s to ra g e
space  to  s to r e  a l l  o f  th e  r e q u ire d  in fo rm a tio n . I f  
t h i s  i s  th e  c a s e ,  a  co m b in a tio n  o f  com puter u se  and hand
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s e a rc h  f o r  th e  o p tim a l in s p e c t io n  p lan  i s  su g g es ted  to  
so lv e  th e  p rob lem . T hat i s  th e  c o s t  com puta tion  can  be 
c a r r i e d  o u t by th e  com puter and in s te a d  o f  s to r in g  t h i s  
in fo rm a tio n  in  th e  com puter, a  w r i te - o u t  o f  t h i s  in fo rm a­
t io n  can be ask ed  f o r .  W ith th e s e  c o s ts  g iv e n , a d e c is io n  
t r e e  may be s e t  up and a  hand se a rc h  f o r  th e  o p tim a l 
in s p e c t io n  p la n  can be done. T h is w i l l  ta k e  more tim e  
b u t th e  problem  i s  s o lv a b le .  An a l t e r n a t i v e  would be 
to  c l u s t e r  c e r t a i n  g roups o f  o p e ra t io n s  to g e th e r  a s  
subnetw orks, f in d  o p tim a l s o lu t io n s  to  th e  subnetw orks, 
t r e a t  each o f  th e s e  a s  s in g le  s ta g e s  in  th e  la r g e r  p rob lem , 
and th e n , w ith  th e  number o f  s ta g e s  th u s  red u ced , so lv e  
th e  l a r g e r  problem .
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Ag ( i )
APPENDIX I  
L i s t  o f  Symbols 
th e  number o f  p ro d u c tio n  s ta g e s  in  th e  p ro c e s s  
i n i t i a l  q u a n t i ty  o f  in p u ts  o f  th e  sy stem
th e  p ro d u c tio n  f a i l u r e  p r o b a b i l ty  a t  th e  p ro d u c tio n  s ta g e  i
th e  u n i t  p ro d u c t io n  c o s t  a t  p ro d u c tio n  s ta g e  i
th e  u n i t  c o s t  o f  d is p o s in g  o f  an  ite m  o f  p ro d u c t a t  s ta g e  i
th e  u n i t  s a lv a g e  v a lu e  o f  an ite m  o f  p ro d u c t a t  s ta g e  i
th e  u n i t  c o s t  o f  in s p e c t in g  an  i te m  a t  s ta g e  i
th e  p e n a l ty  c h a rg e  p e r  u n i t  o f  d e f e c t iv e  item  unrem oved a t  
s ta g e  i  f o r  th e  p o s s ib le  h aza rd  to  th e  n e x t p ro d u c tio n  o p e r a t io n
th e  p r o b a b i l i t y  o f  th e  in s p e c t io n  a t  s ta g e  1 d e te c t in g  a 
d e f e c t iv e  ite m  when i t  i s  d e f e c t iv e
th e  p r o b a b i l i t y  o f  th e  in s p e c t io n  a t  s ta g e  i  m is ta k e n ly  
i d e n t i f y in g  a  good ite m  a s  a  d e f e c t iv e  item
th e  u n i t  c o s t  o f  r e p a i r i n g  one d e f e c t iv e  Item  a t  s t a g e  i  
r e g a r d le s s  o f  th e  ty p e  o f  d e f e c t  th e  ite m  p o s s e s s e s
th e  u n i t  c o s t  o f  r e p a i r i n g  a  d e f e c t iv e  Item  a t  s ta g e  i  g iv e n
t h a t  th e  d e f e c t  in  th e  ite m  i s  cau sed  a t  s ta g e  k  (k < i)
th e  u n i t  c o s t  o f in s p e c t in g  one u n i t  o f  ite m  a t  s ta g e  i  g iv e n  
t h a t  th e  im m ed ia te ly  p re v io u s  in s p e c t io n  i s  p erfo rm ed  a t  
s ta g e  k
th e  u n i t  c o s t  a t  s t a g e  i  o f  i d e n t i f y i n g  a  good ite m  m is ta k e n ly  
s e n t  f o r  r e p a i r s
th e  u n i t  c o s t  o f  a  d e f e c t iv e  ite m  re a c h in g  th e  cu sto m er 
r e g a r d le s s  o f  th e  n a tu r e  o f  th e  d e f e c t  i t  p o s s e s s e s
th e  p r o p o r t io n  o f  d e f e c t iv e  ite m s  u n i d e n t i f i e d  in  s ta g e  I
th e  p ro p o r t io n  o f  d e f e c t iv e  i te m s  i d e n t i f i e d  in  s ta g e  I
th e  p ro p o r t io n  o f  good item s  In  s ta g e  i  b e in g  a c c e p te d  in  th e




P ( i )
PP(1)
p d ( k , i )
y ^ k )
Rb ( k ,D
th e  p ro p o r t io n  o f  good Item s In  s ta g e  1 b e in g  m is ta k e n ly  
i d e n t i f i e d  a s  d e f e c t iv e  Item s
th e  f r a c t i o n  o f  p ro d u c ts  a t  s ta g e  1 w hich a r e  d e f e c t iv e
th e  f r a c t i o n  o f  p ro d u c ts  a t  s ta g e  1 which p o s se s s  tow o r  
more d e f e c ts
th e  f r a c t i o n  o f  p ro d u c ts  a t  s ta g e  1 which p o s se s s  a  d e f e c t  
caused  a t  s ta g e  k  (k < i)
th e  p ro p o r t io n  o f  th e  d e f e c t iv e  ite m s  a t  p ro d u c tio n  a t  
s ta g e  1 p o s s e s s in g  a  d e fe c t  caused  in  s ta g e  k  b e in g  u n id e n t i ­
f i e d  by th e  in s p e c t io n  a f t e r  s ta g e  1
th e  p ro p o r t io n  o f  d e f e c t iv e  i te m s  a t  p ro d u c tio n  a t  s ta g e  i  
p o s se s s in g  a  d e f e c t  caused  a t  s ta g e  k  b e in g  i d e n t i f i e d  by 
th e  in s p e c t io n  a f t e r  B tage 1
APPENDIX 2-A
I n p u ts :
O u tp u ts :
C ost Com putation f o r  D isp o sa l Model
NS Number o f  p ro d u c tio n  s ta g e s
SO I n i t i a l  amount o f  in p u ts
T ( i) E xpected  p ro d u c tio n  f a i l u r e  r a t e  a t  o p e ra t io n  s t a g e i
C P(i) U n it p ro d u c tio n  c o s t  a t  o p e ra t io n  s ta g e  i
C I ( i) U n it I n s p e c t io n  c o s t  a t  o p e ra t io n  s ta g e  i
CD(i) U n it d is p o s a l  c o s t  a t  o p e ra t io n  s ta g e  i
CH(i) U n it h aza rd  c o s t  p e r  u n i t  o f  u n d e te c te d  d e f e c t iv e  
ite m  a t  s ta g e  i  to  th e  n e x t  p ro d u c tio n  o p e ra t io n  
( s ta g e  i+ 1)
1. U n it c o s t  ( in c lu d e s  p ro d u c tio n , in s p e c t io n ,  d is p o s a l  and 
h azard ) p e r  ite m  go ing  th rough  one p o s s ib le  s t a t e .
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236 2 2 5 3 5 . 9 7
237 1 B 7 4 0 .7 4
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239 1 6 8 6 2 . 5 2
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242 1 7 8 8 6 . 1 5
243 1 6 8 6 2 . 5 4
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APPENDIX 2-B
I n p u t s :
O utpu ts
OPTIMAL INSPECTION PLAN FOR DISPOSAL MODEL 
WITHOUT’ QUALITY AND EFFORT LIMITATIONS
NS Number o f  p ro d u c tio n  s ta g e s
SO I n i t i a l  am ounts o f  in p u ts
T ( i) Expected p ro d u c tio n  f a i l u r e  r a t e  a t  o p e ra t io n  s ta g e  i
C P(i) U nit p ro d u c tio n  c o s t  a t  o p e ra t io n  s ta g e i
C I( i) U nit in s p e c t io n  c o s t  a t  o p e ra t io n  s ta g e i
CD(i) U nit d is p o s a l  c o s t  a t  o p e ra t io n  s ta g e  i
CH(i) U nit h a z a rd  c o s t  p e r  u n i t  o f  u n d e te c te d  
item s a t  s ta g e  i  to  th e  n e x t p ro d u c tio n  
(s ta g e  i+ 1)
d e fe c t iv e
o p e ra tio n
: 1. O ptim al In s p e c t io n  P lan
2. O ptim al u n i t  c o s t  p e r f a u l t - f r e e  ite m  in  th e  f i n a l  
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- ■ v u i c n c *  -ITA-iP PliCCUCTIOH FAIl tJRF P A 1!  PSO0UCTI0 * C U SI
0 . 0 1  1 5 . 0 0
’ 0 . 0 5  1 0 . 0 0
1 C . 0 2  2 0 . 0 0
I 0 . 0 0  2 0 . 0 0
5 C . 0 7  1 8 , 0 0
t 0 , 1 0  3 0 , 0 1
7 ' 3.1c 2 2 . 0 0
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I n p u ts :
O u tp u ts :
OPTIMAL INSPECTION PLAN FOR DISPOSAL MODEL 
WITH QUALITY AND EFFORT LIMITATION
NS : Number o f  p ro d u c tio n  s ta g e s
SO : I n i t i a l  amount o f  in p u ts
T ( i)  : E xpected  p ro d u c tio n  f a i l u r e  r a t e  a t  o p e ra t io n  s ta g e  i
C P(i) : U n it p ro d u c tio n  c o s t  a t  o p e ra t io n  s ta g e  i
C I( i)  : U n it in s p e c t io n  c o s t  a t  o p e ra t io n  s ta g e  i
CD(i) : U n it d is p o s a l  c o s t  a t  o p e ra tio n  s ta g e  i
CH(i) : U n it h a za rd  c o s t  p e r  u n i t  o f  u n d e te c te d  d e fe c t iv e
ite m  a t  s ta g e  i  to  th e  n e x t p ro d u c tio n  o p e ra t io n  
( s ta g e  i+ 1)
Minimum q u a l i ty  re q u ire m e n t ( s t a t e  i n  th e  s u b r o u t in e 's  augement)
Maximum number o f  in s p e c t io n  s t a t i o n s  ( s t a t e  in  th e  s u b r o u t in e 's  
augement)
1. O ptim al In s p e c t io n  P lan
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FORTRAN IV G1 RELEASE 2 . 0 QHALTY DATE = 77169 11/41/31 PAGE 0001
OOU 1
0002  
0 0 0  3
0004
0 0 0 5
0 0 0 6  
0 0 0 7  
0 0 3 8
0 0 0 9
0010  
0011
SUBROUTINE OUALTY (NT,  PQ, QN) 
C THIS PKOGRAK HILL CHANGE%THE COST 
C QUALITY INTO A VERY LARGE NUNBER 
DIOENSION PQ( 5 12 )
COMMON CQ (512 )
NL=2**NT 
NU=2**(NT*1) - 1  
DO 51 I=NL,NU 
I P ( P Q ( I ) - Q n )  5 1 , 5 1 , 5 2  




FOR THOSE STATES HITH UNACCEPTABLE
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FORTPAM IV <:1 ItM.EASB 2 . 0  [UNARY OATF - 7 7 1 6 9  1 3 / 9 1 / 3 1  PAGE OGGI
0 0 0 1  SOBRCtJTIWE UINARY (NT,HS)
C THIS PROGRAM HILL CHANGE THE COST FOR THOSE STATES NEED MORE THAN NAXIHIUI 
C AHOriNT OF INSPECTION EFFORT INTO A VERY LARGE NUNBER
<J 0 0 2 DINENSIOH JW{10)
DC- 33 CONNOR CU (512 )
c o o u N = 2 * ' HT-1
0 0 0 5 DO 91 K=1,H
0 0 0 6 KC=K
0 0 0 7 DO 92  J = 1 , N T
OOQfl JA=NT-J
0 0 0 9 JB=2**«1A
0 0 1 0 I P  (KC-JB)  9 3 , 9 9 , 9 9
00 11 93 O H ( J ) =0
0 0 1 2 GO TO 92
0 0 1 3 99 KC=KC-JB
0 0 1 9 OH ( J )  =1
0 0 1 5 92 CONTINUE
0 0 1 6 JT =0
0 H 7 DO 96 1 = 1 , NT
0 0 1 0 96 JT =J T> JH  ( I )
0 0 1 9 IP  ( J T - N S )  9 1 , 9 1 , 9 8
0 0 2 0 96 L=2**NT*K
0 0 2 1 C B ( L ) = 1 0 0 0 0 0 0 0 .
0 0 2 2 91 CONTINUE
0 0 2 3 RETURN
0 0 2 9 END
167
M i 'S ' i . ' I F  C F  r F O C I I C T I C H  £ I A G E S =  7  
W i t J E H  C F  I N I T I A L  I N n i T S  =  1 C C U . 0 0
PRODUCTIO’l STAGE PRODUCTION FAILUFE FATE PRODUCTION COST
1 C . 0 1  1 5 . OC
2 0 . 0 5  1 0 . CC
3 0 . 0 3  2 6 . 0 0
U 0 . 0 N  2 6 . 0 0
5 G . 0 7  1 8 . 0 ?
6 C.1C 30.00
7 P . 3 6  2 2 . 0C
flltllflllM C0S1 = 1 9 6 . 6 3








INSPECTION COST DISPOSAL COST HAZARD COST
0.9C 0.01 5,00
1.00 0 . 0 1  6 .0 0
1.20  0 . 0 2  7 ,0 0
0 . 8 C  0 . 0 3  N .0 9
1 . 1 0  9 . ON 9 . 0 0
1 . 1 5  0 . 0 5  1 0 . 0 0
1 . 0 0  0 . 0 6  NO.CO
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APPENDIX 3-A 
COST COMPUTATION FOR REPAIRED MODEL
I n p u ts :  NS : Number o f  p ro d u c tio n  s ta g e s
SO : I n i t i a l  amount o f  in p u ts
T ( i)  : E xpected  p ro d u c tio n  f a i l u r e  r a t e  a t  o p e ra t io n  s ta g e  i
C P(i) : U n it p ro d u c tio n  c o s t  a t  o p e ra t io n  s ta g e  i
C I ( i )  : U nit in s p e c t io n  c o s t  a t  o p e ra t io n  s ta g e  i
CR(i) : U n it r e p a i r  c o s t  a t  o p e ra tio n  s ta g e  i
CH(i) : U n it h a z a rd  c o s t  p e r  u n i t  o f  u n d e te c te d  d e f e c t iv e
ite m  a t  s ta g e  i  to  th e  n e x t p ro d u c tio n  o p e ra t io n  
( s ta g e  i+ 1 )
O u tp u ts : 1 . U n it c o s t  ( in c lu d e s  p ro d u c tio n , in s p e c t io n ,  r e p a i r  and




0 0 0  J  ooo u
0 0 0 5
0 0 0 b
0 0 0 7
oo -j a
0 0 0 9  
0 0  ID 
oo n
00  II  
001]
0 0  14 
0 7  15 
0 0  I t.  
0 7 1 7  
On IB 
0 ]  19 
0020
0021 
0 0 2 2  
0 0  2 J  
0(I2« 
0 0 2 5
0 0  20
0 0 2 7  
0 0 2 9  
0 0 2 9  
0010  
0011 
0 0 1 2  
0 0  1) 
0 0 ) 9  
0 0  J 5 
00 16
0 0 ) 7
01) It) 
Dl'l
V 01  RELEASE 2 . 0  tlAtH DATE •  7 7 1 6 9  1 J / 9 9 / C 9  PACE 0 P 0 1
C COST CONFUTATION 7 0 *  REPAIRING EODEL 
C
DINENSIOM T (7 0 ]  ,  C F | 1 n ) ,  C I { 1 0 ) ,  C R ( 1 0 ) ,  P ( 5 1 2 ) ,  FA ( 5 1 2 ) .  C ( 5 1 2 ) ,  
l e u  ( 10)
c
C READ III AND K RITE 0 0 1  THE S I  S t i l l  PARAHATERS 
. READ( 5 . 1 0 1 )  MS. 5
101  F 0 H f I A T ( 1 5 ,  F 1 0 . 2 )
U t l l T E ( 6 . 6 t ) 9 )  MS. S
6 6 9  FORItAT(lX , 'MURDER OF PRODUCTION STAGES*" , I S , / , 3 1 , ' MUnBEB OF 1 K I T I A  
1L I H P U T S * ' , F 1 0 . 2 , / )
H * I T E ( 6 , 6 H 6 )
6 0 S  f O R 1 A T ( 2 I ,  'FRnni lC TIO M  STAGE' , 2 1 , •  PHODUCTIOM FAILURE B A T E ' , 2 1 , "PROD 
1UCTIOM C O S r ' . 2 I , ' I A S P B C T I O »  C O ST * ,2X «  'REP A IR1RG  COST* , 9 * .  'HAZARD C 
2 0 S T ' , / )
0 0  1 1 * 1 , MS
READ ( 5 ,  10 2) T ( I ) ,  CP ( I ) .  C l  ( I ) ,  C R ( I ) .  CD ( I )
1 0 2  F O H n A T (5 F 1 0 . 2 )
tIRlTE ( 6 , 6 0 7 )  I ,  T ( l ) .  C P ( t ) ,  C I ( I ) ,  C R ( I ) ,  Cll ( I )
6BT F O R H A T (7 I ,  1 5 , 5  ( 1 0 1 , F 1 0 . 9 )  )1 continuec
C ASSIGN THE VALUE EUR THE INPUT STATE 
P ( 1 ) * 0 .
PA (1)  < 0 .
C | 1 |  * 0 .  
l lR IT E (6 , f> B 6 )
6 6 6  F O W 1 A T I / / / , 2 t , ' S T A T E  NUHDER', 1 5 1 , ' C O S T ' . / )
M * 2 * * ( N S » 1 ) - t  
OO 2 K * 2 ,N  
C DITERrt lNG TNI STAGE
A*K
A *A * 0 .  1 
i i - a loi ;  (A)
Z2*ALOM {2.)
I * Z l / 2 2
C OETEIIHING EVEN IIUBDEH OR ODU NUR9EB STATE
KII*K/2*2  
C COST CONPUIATION
IF ( K I I - K )  J ,  9 , 9  
3 I ( R ) * P ( K - 1 )
CIA) * S * ( C P ( I )  * C I ( I )  * P ( A )  *CR ( I ) )
P A ( K ) * Q .
GO TO 5
9  F ( A ) * P A ( K / 2 )  * ( 1 - P A ( A / 2 ) ) * T | I )
C ( X ) * S M C P < I ) ' F ( K ) * C t l ( I > >
PA (A) *P (A)
S U K I T £ ( A , 1 9 I )  A, C (A)

























O Q O O CO O 1 j  U O O d Co  o  o  o o  c> u
O O O O U D O  
I * t  t  t i  *
e < o t . b o c > c <  OOOC'C«C C* 
o  o  c  o  c» o  o  
Q O ^ C O O O  ■ «»*»«•  nnho^O'iN
c e .3 o o o o
O  O 3  O  C1 C  6o c c- c i/i c o
eik'C cci^w OCOOi^^C u U b C u O u Cj O  «•■ W O  «-* C
o  c* ^  *■ o  ^  *» »  ■•> *■ * ©■ d* *■»• -  t  N r  ? u 'C * 9  »  ^  *■■. r» "■■ ut r» ^  g* o-
j i  i> i/t r* ̂  a  ^  ^  ^  a  a ^ ^ p a y i f r r D K t f l ’ j  y u > c r  r  t k - j i  ^
c r r r i < i r f c n 9 t i i r i i t d a  ^
n  u* ^  i* ^  a  id a  u i a  w  a  <  &1 /  r  . l h - f f ' j ^ ' j r ' i i r  r* c»■ t* i t ^ i *  (1 r  f* r- p* p  p» ■“ p  [’• p t t y ' s  n i< i i< ( iN ^ n > ' i iS






US 1 0 7 5 0 , 8 5
U 1. fib 3 0 0
97 1C230 . 0 ?
US 9 5 9 5 . 5 6
9 9 1 1 7 J 1 . 9 5
S'1 8 6 3 0 . 0 0
SI 16 2 3 0  .OC
52 8 9 0 9 . 8 J
S3 1075C  . 8 0
5 U 0 6  3 0 . 9 t '
55 1C230 . 0 0
56 9 2 0 5 . 8 5
57 1 1 1 2 5 . 7 7
5H 8 6  3'.‘ .  00
59 1C230 . 0 0
SO B 9 t o 9 , 00
61 1O 750 .OC
62 8 6 3 C . 0 0
6 J 1 0 2 3 0  . 00
s u 3 0 U 6 F . 76
65 3 5 7 5 3 . 2 2
6 6 3 0 1 1 9 . 9 C
67 3 2 9 3 9 . SR
n 8 30 2 5 1 .  59
6 9 3 3 6 9 0 . 1 8
I!'- 3C 1 1 9 . 9 9
71 3 2 0 3 9 . 9 6
72 3 0 3 2 1 . 5 3
73 3 U 35 U . 5 7
7 U 3 0 1 1 9 . 9 9
7 5 3 2 9 3 9 . 9E
76 3 0 2 5 1 . 5 9
77 3 3 6 9 0 . 1 8
75 3 0 1 1 9 . 9 9
79 3 2 9 3 9 . 9 6
80 30 3 7 1 . 8 9
81 3 9 8 3 2 . 9 3
P2 3 0 1 1 9 . 9 9
83 3 2 9 3 9 . 9e
HU 3 0 2 5 1 . 5 9
85 3 3 6 9 C . 1 0
86 3 0 1 1 9 . 9 9
87 3 2 9 3 9 . 9 6
38 3 0 3 2 1 . 5 3
89 3 9 3 5 9 . 5 7
91 3 0 1 1 9 . 9 9
91 3 2 9 3 9 . 9 6
92 3 0 2 5 1 . 5 9
93 3 3 6 9 C . 10
9 U 3 9 1 1 9 . 9 9
55 3 2 9 3 9 . 9 6
96 3 0 9 5 3 .  29
97 3 5 6 0 6 . 2 8
96 36 1 1 9 . 9 9
99 3 2 9 3 9 . 9 6
19u 3C 2 5 1 .  59
101 3 3 6 9 0 . 1 8
192 3 C 1 1 9 . 9 9
1C ) 3 2 9 3 9 . 9 6
10'* 30 3 2 1 . 5 3
10 1 39 3 5 9 . 5 7
173
I ' l li 3 0 1 1 9 . 9 6
1 ) 7 3 7 4 3 9 . 9 6
10-) 3 0 2 5 1 . 5 4
k o 3 36 9 4 .  1H
1 1 ;■ 3 1 1 1 9 . 9 9
i n 3 2 4 3 5 . SF
11 2 3 0 3 7 1 . 6 9
113 348  12 .93
1 u 30 1 1 9 . 9 9
113 3 2 4 3 9 . 6E
116 3 ? 2 5 1 . 5 9
117 3 3 6 9 C . I F
118 3 0 1 1 9 . 9 9
119 3 2 4 3 5 . 6 6
12 ) 3 0 3 2 1 . S 3
121 3 4 3 5 4 . 5 7
122 3 0 1 1 9 . 9 9
123 3 2 4 3 5 . 5 6
124 20 2 51 .  39
125 3 3 6 S C . 1 6
126 20 1 1 9 . 9 9
127 3 2 4 3 9 . 6 6
128 U 5 G 2 6 . 21
12? 4 1 3 C 3 .P 6
13C 3 7 2 0 0 . 0 0
131 • 6 7 5 9 . 9 9
132 3 9 4 0 7 . 9 9
1.33 3 7 9 7 4 . 3 9
13H 372CO.OO
135 3 6 7 5 9 . 9 9
136 4 1 B 2 9 . 4 3
137 3 9 3 0 6 . 1 0
13*1 37 2 0 0 . 0 6
13<7 3 6 7 5 9 . 9 9
1 fi.l 3 9 4 0 7 . 9 9
1<*1 3 7 9 7 4 . 3 5
142 37 2 0 0 . 0C
143 3 6 7 5 6 . 9 9
1UU 4 3 1 1 6 . 2 4
14 = 4 C 0 1 J . 9 3
1<l(i 3 7 2 0 0 . CO
147 7 6 7 5 9 . 5 9
14(1 3 9 4 0 7 . 9 9
149 3 7 5 7 4 . 3 9
157 372CO.OO
151 2 6 7 5 9 . 9 9
152 4 1 8 2 9 , 4 3
153 35306.11=
154 372C:7.: 'C
155 2 6 7 5 S . S 9
15 ft 3 9 4 C 7 . 99
157 3 7 9 7 4 . 3 9
15B 3 7 2 3 ) . 0 0
159 2 6 7 5 c . 59
1ft? 4 4 0 4 2 . 7 5
1 6 1 4C52.1.51
162 37 2 6 0 , 0 0
16 * 2 6 7 5 5 . 5 9
164 3 5 4 0 7 . 9 9
165 3 7 5 7 4 . 3 5
16-3 3 7 2 0 0 . 0 0
174
11> 7 367 66  . 9 9
16-1 U H J i ' I . H :
1 V> JS. lOl i . 1H
17 1 37 2 0( j , 9C
17 1 - t i 5 9 . 9 9
172 3 9 4 0 7 . 3 9
17? 3 7 5 7 4 . 3 9
174 3 7 2 6 0 . . 1 0
175 3 6 7 5 5 . 9 9
176 6 3 1 1 6 . 2 9
177 dC.C13.93
17 tl 5 7 2 0  j .CC
179 3 6 7 5 S . 9 9
H - )  3 9 9 ^ 7 . 9 9
1 )1  3 7 9 7 6 . 3 6
192 37 2 0 0 . ‘1C
1t13 3 6 7 5 5 . 9 9
194 4 1fl 29 . 4 3
196 3 9 3 9 6 . i e
1H(» 37 20,3 .  00
137 3 6 7 5 9 . 9 9
19H 3 9 4 0 7 . 9 9
199 3 7 5 7 9 . 3 9
190 37 2 0 0 . 0 0
191 3 6 7 5 9 . 9 9
193 4 5 5 4 0 . 6 2
1 93  4 1 3 9 7 . 3 3
194 3 7 2 0 0 . 0 0
195 3 6 7 5 9 . SS
196 3 9 4 0 7 . 9 9
197 3 7 9 7 4 . 3 9
199 3 7 2 0 0 . 0 0
199 3 6 7 5 5 . 9 9
2 ^ 9  4 1 9 2 9 , 4 3
201 . 3 9 3 0 6 . 1 6
2'"'2 3 7 2 0 0 . 0 0
2 ( 3  3 6 7 5 5 . 9 9
ar-4 3 9 4 0 7 .  59
235  3 7 9 7 4 . 3 9
?-*6 3 7 2 0 0 . 0 0
2 ) 7  3 6 7 5 5 . 9 9
20B 4 3 1 1 6 . 2 4
2 0 9  4 0 0 1 3 . 9 3
211 3 7 2 0 0 . )C
211 3 6 7 5 5 . 9 9
2 1 2 3 9 4 0 7 . 9 9
213 3 7 9 7 4 . 3 5
214  3 7 2 0 0 . 0 0
21 5  3 6 7 5 5 . 5 9
216  4 1 6 2 9 . 4  3
217 3 9 3 0 6 .  16
216  3 7 2 C 3 .0 C
2 1 9  3 6 7 5 9 . 9 5
2 2 c  ’ 9 4 t , 7 . 5 9
221 3 7 5 7 4 , 3 5
222  37200'  , 0 0
22 3  3 6 7 5 5 . 9 9
22 4  4 4 0 4 2 . 7 5
225 4 0 5 2 3 . 5 1
226  3 7 2 0 r . ^
7 21 3 6 759,96
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APPENDIX 3-B
I n p u ts :
O u tp u ts :
OPTIMAL INSPECTION PLAN FOR REPAIRED MODEL 
WITHOUT QUALITY AND EFFORT LIMITATIONS
NS : Number o f  p ro d u c tio n  s ta g e s
SO : I n i t i a l  amount o f  in p u ts
T ( i)  : E xpected  p ro d u c tio n  f a i l u r e  r a t e  a t  o p e ra t io n  s ta g e  i
CP(I) : U n it p ro d u c tio n  c o s t  a t  o p e ra t io n  s ta g e  i
C I( i)  : U n it in s p e c t io n  c o s t  a t  o p e ra t io n  s ta g e  i
CR(i) : U n it r e p a i r  c o s t  a t  o p e ra t io n  s ta g e  i
CH(i) : U n it h a za rd  c o s t  p e r  u n i t  o f  u n d e te c te d  d e f e c t iv e
ite m s  a t  s ta g e  i  to  th e  n e x t p ro d u c tio n  o p e ra t io n  
( s ta g e  1+1)
1. O ptim al In s p e c tio n  P lan
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0 0 6 2
0 0 6 3
00 61
0 0 6 5
0 0 6 6
0 0 6 7
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I1=2**HS
12=11*1
I 3 * 2 * M N S H ) - 1
U l= U C ( I 1 )
1)2=IIC (12)












11 IF  ( 1 2 - 1 3 )  1 2 , 1 2 , 1 3
13 UHITE { 6 , TOR) COA
108 FQ(IMAT(2X, •MINIMUM COST = ' ,  P 1 0 .  2)
UHITE OUT T1IE OPTIMAL IHSPECTIOH PLAH 
WRITE( 6 , 6 5 0 )
6 50  FOBHAT ( / / , 3X, 1PRODUCTION STAGE1 , 5 * , ■ IHSPECTIOH OR HOT1 , / )
NOA=NOA-2**NS 
DO 16 1 = 1 , NS 
J=  NS-1 
J 0 = 2 * * 3
IF ( NOA -J B)  1 5 , 1 9 , 1 9  
19 WHITE( 6 , 1 0 5 )  I  
105  FORMAT(8X,1 2 , 2 0 X , ' Y E S 1)
H0A=N0A-JE 
GO TO 16
15 HRITB( 6 , 1 0 6 )  I  






MMJFIt  CF [FCLUCTICfl SIACt5= 7 
IJiJIUtH CF INITIAL IHFins = 1301.01
F’MDUCTIO'I STAGE RROnilCTION f a i i u r r  ratf  FFCCUCIICN c o s t
1 C.MCC 1 5 . 0 0 R
2 o . o s o o 2C.CC00
3 C.O30C 1N.O000
4 7 . 0  HOC 2 6 . 3 0 7 0
5 C .3 7  30 (1.0000
>i 1.06-10 3C.CC1C
7 C.C8GP 3D.00C0
MHIHUrt  C C S T =  1 5 5 . 9 3  







INSPECTION COST REPAIRING COST HAZARD COST
Q . 9000 
1 . OGOO 
1.2000 
c.eooo 
1 . 2 5 0 0  
1 . 3 0 0 0  
1 . 000 0
2 . 0 0 0 0
3 . 0 0 0 0
7 . 0 0 0 0
1 9 . 0 0 0 0
n.cooo
1 9 . 0 0 0 0
2 2 . 0 0 0 0
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APPENDIX 3-C
In p u ts :
O u tp u ts :
OPTIMAL INSPECTION PLAN FOR REPAIRED MODEL 
WITH QUALITY AND EFFORT LIMITATIONS
NS : Number o f  p ro d u c tio n  s ta g e s
SO : I n i t i a l  amount o f  in p u ts
T ( l)  : Expected p ro d u c tio n  f a i l u r e  r a t e  a t  o p e ra tio n  s ta g e  i
C P(i) : U nit p ro d u c tio n  c o s t  a t  o p e ra tio n  s ta g e  i
C I( i)  : U nit in s p e c t io n  c o s t  a t  o p e ra tio n  s ta g e  i
CR(i) : U nit r e p a i r  c o s t  a t  o p e ra tio n  s ta g e  i
CH(i) : U nit hazard  c o s t  p e r  u n i t  o f  u n d e tec te d  d e fe c t iv e
item  a t  s ta g e  i  to  th e  n ex t p ro d u c tio n  o p e ra tio n  
(s ta g e  i+1)
Minimum Q u a lity  Requirem ent
Maximum number o f  in s p e c t io n  s t a t io n s
1 . O ptim al In s p e c tio n  P lan
2. O ptim al u n i t  c o s t  p e r  f a u l t - f r e e  item  in  th e  f i n a l  p ro d u c ts
180
FdtlTNAM I * .
'1001
3312





0 0 0 3  
0 0  in  
0 3 1 1  
0012 (1011 
0 0 1 3
0 0 1 5
0 0 1 0
0 0 1 7
0 0  IK 
0 7 13
0 0 2 0  
00 21 
00 22 
0 7 2 7  
0 2 2 3
0 0 2 5
0 3 2 5  
0 0 2 7  Q02H 
0 0 2 0  
0 ) 1 0  
on n  00J2 
0 0 ) 1  
0 0 2 3
0 0 2 5  
00  15
00J /
70  211 
0 0 ) 3  
0 3 3 0  t
c.i release 2.0 turn date - 77169 U/sh/JS pace 0001
C T H I S  I S  A COMPLETE REPAIR HOD EL HI7II  . UUALITT AHD EFFORT LIMITATI ON 
d i m e n s i o n  r ( i O ) ,  c p i i O ) ,  c  111 • ; } ,  c u t  i p ) ,  [ ' ( 3 1 2 ) ,  p a  ( 5 1 2 ) ,
* T C ( S 1 2 ) ,  DC ( 5 1 2 )  ,  0 ( 5 1 2 ) ,  C l l ( I O)
COMMON C ( 5 1 2 )
c
C READ I N ANU 3 H I T F  (I1IT THE S t STEM PARAMETERS 
n E A U ( 5 , 1 0 1 )  NS,  S
101 l r > l l ! l AT( f5 ,  K i n .  2) 
u n i  ( t . t n ' i )  N s ,  s
6 0 9  t u i r t l Ar  ( U ,  • MUMIiEII OF PRODUCTION STAGES* '  ,  1 5 . / ,  J I .  * HUMBER OF I N1 TI A 
11 I NPUTSE ' , F 1 9 , 2 , / )
VUt TS( A. AHH)
ABU n i l l l l AT ( 2 * ,  • PRODUCTION STACK* ,  27  , •  PRODUCT IOII FAILURE RATE* ,  21 , *  PROD 
l l i u r l n i l  L 0 S r * . 2 A , ' l N 3 r f C T 2 0 N  COST1 , 2 X , * R E P A I R I N C  COST 1 , 9 1 , ' I IA2 AHD C 
2 i l 5 T * , / t  
UO I I E I , NS
H E A H ( 5 , 1 U 2 |  T ( I ) ,  C P ( I ) ,  C l  ( I ) ,  C R ( I ) .  C H ( I |
102 K)HBAT(5MU.2)
Nil I T E  ( 6 . 6 H 7 )  I ,  T ( I ) ,  CP ( I )  ,  C l  ( I )  ,  C l t ( I ) ,  C t l ( I )
6B7  F l ) I O U T ( I X , l 5 , 5 ( 1 0 t , F 1 0 . 3 } )
1 CONTINUE
C
C ASStCH THE VALUE 70R THE INPUT STATE 
P 1 1) = 0 .
PA ( I) - 0 .
C (I) -0.
C
C COST COMPUTATION 
N * 2 * * ( N S * 1 ) - 1  
DO 2 K * 2 . «
C CETERHING THE STAGE
A-K
A* A* O. I  
Z 1 *ALOO (A)
Z 2 E A LOG ( 2 .  )
I * Z 1 / 7 2
C OETEUMINC EVEN NUMBER OR ODD RUM DEB STATE
KI I*K/ 2*2 
C COST COMPUTATION
I F( l t l l - K )  3 , 3 , 3  
3 P ( * ) EP ( K - 1 )
C[ N)  * S *  (CP ( I )  * Cl  ( I )  • P (E) *CR t l )  )
PA(K)  * 0 .
CO TO 2
3 P (R) *PA ( K / 2 )  * ( 1 - P A  ( K / 2 )  ) *T ( I )
C(K)  - S *  (Cl* ( I )  * P ( E)  *CH ( I )  )
PA ( S)  *I*(N)
2  CONTINUE
C
C CHECK THE (J t lALITI  AND I NSPECTIOH EFFORT 
CALL (JUALTT ( N S , P A , . 0 5 )
CALL I) I HA III (NS,  1)
• CC HltlT COST COMPUTATION 
I l*2»*N5 I2=2*» (NS* 1) * 1 
UO h I *1 1 , T 2 
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FORTRAN TV RELEASE 2 .0 QUALTY
CO01 SUBROUTINE gUALTY (NT, PQ, QN)
0002 UIBENSIOH P(l{512|
oooa connoN eg  (512)
0009 HL»2**HT
0005 NU»2** (NT*1) -1
000b DO 51 I*NL,NU
0007 I f ( PO (I ) -Q »)  5 1 , 5 1 , 5 2
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FORTRAN IV  Cl RELEASE 2 . 0 BINARY
0 0 0 1 SUBROUTINE BINARY (NT,US)
0 0 0 2 DIMENSION JW (10)
0G0 3 COMNON CU (512 )
0 0 0 4 N=2**NT-1
0 0 0 5 DO 41 K=1,N
0 0 0 6 KC = K
0 0 3 7 DO 42 J = 1 , NT
OOOB JA=*NT~J
0 0 0 9 JD =2 * *J A
0 0 1 0 I F ( K C - J B )  4 3 , 4 4 , 4 4
0 0 1 1 43 JW (J )  =0
0 0 1 2 GO TO. 42
0 0 1 3 44 KC=KC-JB
0 0 1 4 JW (J )  =1
0 0 1 5 42 CONTINUE
0 0 1 6 JT =0
0 0 1 7 DO 46 1 = 1 , NT
0 0 1 8 46 J T = J T + J U  ( I )
0 0 1 9 I F  ( J T -H S)  4 1 , 4 1 , 4 8
00  20 48 L=2**HT+K
00 21 CB (L) = 1 0 0 0 0 0 0 0 .
00  22 41 CONTINUE
0 0 2 3 RETURN
00 24 END
DATE = 7 7 1 6 9 1 3 / 4 8 / 3 5  PAGE 0001
APPENDIX 4-A 
COST COMPUTATION FOR GENERAL MODEL
I n p u t s :
O u tp u ts :
NS : Number o f  p ro d u c tio n  s ta g e s
SO : I n i t i a l  amount of in p u ts
T ( l)  : Expected p ro d u c tio n  f a i l u r e  r a t e  a t  p ro d u c tio n
o p e ra tio n  s ta g e  i
C P (i) : U nit p ro d u c tio n  c o s t  a t  p ro d u c tio n  o p e ra t io n
s ta g e  i
C I ( i )  : U nit I n s p e c t io n  c o s t a t  p ro d u c tio n  o p e ra tio n
s ta g e  I
CR(i) : U nit r e p a i r  c o s t  a t  p ro d u c tio n  o p e ra tio n  s ta g e  i
CD(i) : U nit d i s p o s a l  c o s t a t  p ro d u c tio n  o p e ra t io n  s ta g e  i
C S(i) : U nit s a lv a g e  v a lu e  a t  p ro d u c tio n  o p e ra t io n  s ta g e  i
CH(i) : U nit h a z a rd  c o s t  p e r u n d e te c te d  item  in  s ta g e  i  to  th e
n ex t p ro d u c tio n  o p e ra t io n
B ( i )  : In s p e c t io n  e f f ic ie n c y  f o r  th e  d e f e c t iv e  item  in
s ta g e  I
G (i)  : P r o b a b i l i ty  o f  m is ta k in g  a  good item  as  a bad
one in  s t a g e  i
U n it c o s t ( I n c lu d e s  p ro d u c t io n , in s p e c t io n ,  r e p a i r  and 
h a za rd ) p e r i te m  o f  p ro d u c t g o in g  th rough  a  p o s s ib le  
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R B ( K ) = P ( K - n * B ( I )
RG(K) = { 1 . “ P(K-1)) *G(I)
A D ( K ) = P ( K - 1 | * t 1 . - B l I ) |
PA (K) =AB (KJ 
SA (K)=S(K)
C (KI =S (K) * {CP (I) *CI (I) *RG (K) *CRG (I)  *RB (K) *CR (I)  *PA (K> *C1! { )




P (K) =*PA (NK) ♦ J1.-PA (NK) )*T (I)
PA|K»=P(K)
SA (K) =S(K)
C (K) =S (K) * {CP (I) +PA(K) *CH (I) J 
HRITE (6 ,601 )  K, C(K)














































































































































































o o o c ' c e  ©
C & c c f » e u  
o  ^ a e c r O  &r* O O f O O f O  
O O O O O O O  
* * » » ■ • *  
t f
o o ̂  r  o u o 
a  ci **> o c> c- oo  o  ̂  °  etc1 ^  C o c w-i't'C 
r o v c c o n
o « N ^ r * « a
p  y  a  C  o  n  oo  o  o  o  f • on  O O CJ o  t> r*3
iN i^ a  9  4  ̂  tfl
C3 _i ■£. P Q c O
a a a o J a c
c t w a c o c c
c* ri»  t_» ci  © © © 
C O O O  C' C  v  L-i u o o  kf1 n in tf'pc' p u r  tt
c.  u  o  ui j  c  o
c a  y  t i  O o  o  
f K - O U C i o C  
O  c> C © O C Cr
c c  o e & a  a  OP O O I*. (■ o
O C T * ;  S O U  Ci OOOO 1* ij
c. «> s' p p a
p  O O  O  ^  O  p  
Ifl C  © P . C P 9
O  r  (N n  1-  IT P
O c - 4 ‘ t  LJ ©  cl* O O O O !• o  t> 
t  • > V O O * J P  
N  ^  aiT^C  
( i  o.i
c  r . C t o p p o
d r  e< c ■r  r  *; n  u l  «w* V V o to s i o o  o  ff Vfl# p.i
y  *• ■?' *-» . -y ••• j/.*  y  i?  *• ■ > ► - 
i,- ' iC  5 C *> 
V C' T ,* w V
<P O  <» i  1^ U* tP If a  T  lf> AiM." pJC- I”  ^  v* t 'T  ♦* --J i -  .-N u« V  c  ̂  cr o  U'
p " n ,  u- i i ’ m f  p  •." 3  u  in it- r-* •- e  r* *- ?» ^  & •** r» h * , o  »- r -  3. " i  ^  ■7 f*iv(>r*F>i/itr«m̂ '4‘/(u,i*u m r* 4,  ̂ um ■£• rs r* u r**Mr̂«r
•  ♦ * •
> jj '
ii rq< s i * -  «  9  ^  w  sj (-4 r- s  h i m j  r
^  i ' ^ u  "i u * o ^  o  c  r* pi 9  i!> 'i  - # • • » .  c * r  i t  t  — »■»- r-  7 1 1 1 - 1 -H .‘lUI'J M P >( C il I*1 *’» 7 o <P I,- V" •>! *■ ■' L” v .»«*,.■•*■ T HI*v: tf m ip *» p. "i f. i iN-:' pi (w ■> n ̂ ri*" i;« sur r* p, a ‘y ̂  Ni/ *̂ ? h ? l1' ̂  *(
u  i -  •- f* ^  v- ^  ^  in iv n  in fy r i  ‘4 n  n ' l i  '■< " ' fv tn  ̂  i' / iy  -/ N
r  m* -' a  r- r. ' I
, U  •, 1 '  ^  i« v » < t  • • a.
•i’ k‘ y*y : r © «*., kU
p) r ,  a  i‘- 4  f* ‘ a  »/■. i  1  c 4. *■ ^ * > 3  i t  s i - t p  . . v- f (  ». r  i/' 4  o  T 7  r.^  r  »- t-  f* ^  v  i’* p. i’i * : r  > i“v p j  " i  "» o p;»i -  m ^
189
4 1 Uv. 319 . 9 7 7
2 3 1 7 3 . 0 7 546 2 3 5j6.8?5
46 2 H 5 3 9 .  3 3 7
■17 2 6 1 9 3 .  6 36
49 2ti 5 7 f , .  ►>7■= •
49 32 !'• 5 .  (j 64
S'* 2i; I d 8.  161
51 2 4 3 5 1 . 5 5 5
52 3 21 1 1 ; 7  5 f
5 J 22 52 7 .  371
54 2 2 6 7 4 , 6 9 1
35 2 5 5 3 3 . 2 5 451) 2 4P3 3.H'. 5
57 24 41 3 .  5 7 C
5H 2fi39 3.  J51
59 26 2 97 . 34 0
60 2 6 5 2 1 . C35
61 . 3 4 5 1 7 . 7 2 3
62 2 4 3 2 2 . 5 5 1
63 2 4 7 5 3 . 6 5 6
■64 2 9 3 6  1.  60 1
65 2 6 1 7 3 . 7 1 9
66 2 6 3 ( 3 7 . 6 3 5
67 3 1 5 6 9 . 4 4 1
68 2 5 6 8 7 . 9 7 9
69 *26 657 .23 470 38256.219
71 2 2 6 9 2 . 5 1 2
72 2 3 3 1 3 . 9 3 0
73 2 7 5 1 2 . 4 7 7
74 2 3 4 2 2 . 5 4 1
75  2 5 7 9 9 . 5 1 8
76 3 1 1 8 0 . 6 0 2
77 2 3 6 3 6 . C82
79 2 3 8 4 1 . 7 2 7
79 3136 ? . 7 B9
9 j  21 M7 U .12 9
41 2 2 2 1 8 . 9 2 2
42 26 40  1 . 6 4  1
83 2 3 5 2 8 . 4 4 1
■14 2 3 9 4 0 ,  75B
45 2 8 3 7 4 . 5 2 7
86 2 5 5 2 3 . 5 7 4
87 2 5 7 4 3 . 7 1 5
49 3390  6 . 3 9 9
39 2 3 6 2 6 . b7 2
92 2 4 0 0 1 . 3 5 5
91 ‘ 2 8 5 1 5 . 4 4 1
42  25 42 6 . 5 0  4
93 2 5 6 0 9 . 7 6 2
44 3r. f - 3 5 . f i 2 5
95 2646.3 .  195
96 2 6 4 3 1 . 7 2 7
97 3 9 4 0 9 . 5 1 2
96 2 3 2 6 7 . 4 6 8
99 2 3 7 0 8 . 3 1 4I-’" 2865̂ .223
1 .1  26196.31.511') 2 i 6 5 7 H. 6 7 (■
1 ) 3  3 _ ‘ 1 6 . 6 1 }
190
1 30 2 4 3 5 1 . 8 7  8
105 2 4 5 6 1 . 7C7
1 16 3 2 2 8 0 . 1 6 4
107 2 2 5 3 4 . 7 1 1
108 2238 9 . 9 3 3
109 2 7 1 5 8 . 4 4 9
1 10 2 4 2 2 8 . 4 6 1
111 2 4 6 2 2 . 5 2 3
112 2 9 1 3 1 . 3 7 5
11.1 2 6 2 9 3 . 5 0 6
114 2 6 5 2 2 . 6 5 2
115 34 E 2 6 . 6 0 7
116 2 « ’ 'l 1 . 9  18
117 24 7 2 5 . 9 5 5
1 18 2 9 2 7 6 . 1 8 4
11=> I t , 1 7 3 . 3 8 3
1 2 r 2 6 5 6 7 . 7 0 9
171 3 1 5 6 0 . 3 3 2
122 1 9 6 6 9 . 5 9 8
123 1 5 1 6 7 . 7 6 2
124 3 5 2 1 0 .  141
125 1 5 5 9 0 . 7 4 2
126 1 6 2 0 2 . 0 3 5
127 2 2 5 3 7 . 6 2 0
128 1(37 3? .  945
1 i ' l 1 9 1 C 8 . 2 6 2
130 2 6 2 0 4 . 7 8 1
131 1604 £ .6 f c2
132 1 6 9 1 9 . 9 6 9
1 13 2 5 E 4 7 . 121
134 1 5 1 5 5 . 1 1 3
1 35 1 5 5 0 3 . 5 3 5
1 ’ ft 2 0 8 4 0 . 0 0  4
137 1 6 5 1 6 . C94
1 38 1 6 8 9 8 . 9 0 0
1 38 2 2 6 8 5 . 3 4 4
140 1 9 0 3 5 . 2 7 7
141 1 9 1 2 7 . 4 2 6
142 2 9 1 3 2 . 0 1 6
14 3 1 7 1 4 9 . 5 2 7
144 1 7 5 4 4 . 7 2 4
140 2 3 5 7 5 . 6C9
146 1 0 6 7 0 , 5 1 6
147 1 9 K 4 . 2 2 3
148 2 5 6 3 6 . 9 6 1
i u y 1 7 6 8 1 . 8 4 8
150 1 7 5 7 6 . 3 7 9
151 2 8 6 9 5 . 2 1 5
152 15379 .^011
153 1 5 7 1 3 . 0 5 5
1 54 2 1 3 1 5 . 6 3 2
1 55 17 1 6 0 . 2 1 9
156 1 7 5 4 3 . 4 5 7
157 2 3 7 3 5 . 2 7 L
158 1629 0* 9 1 0
158 1 6 3 1 0 . 7 2 3
TOO 2 4 5 2 5 . 3 1 4
1b1 1 4 6 6 6 . 4 0 0
162 15 1 2 " . 2 6 4
If -3 I-; 1b 1 . 0  31
1 1,4 15-119.  ‘140
1 *'» 5 1 6 2 9 2 .  O'8 9
1 r>h 2 1 6  3 2 , 5 6 6
11) 7 17 <*i* 1 . u s e
1 bi t 1 7 5 6 1 . 0 5 9
I D S 2 6 1 0 6 . 8 3 0
1 7 0 1 5 6 1 6 .  1 2 9
1 7 1 1 6 1 0 9 . 8 1 0
1 7 2 2 1 7 1 0 . * )  2 7
1 7  J 1 7 1 9 0 . 1 2 1
1 7 8 1 7 5 8 1 . 9 3 0
1 7 5 2 , 5 7 8 . 3 9 1
1 7 6 1 9 2 5 2 . 2 2 7
1 7 7 1 5 1 8 1 . 2 1 5
1 7f1 3 1 2 1 0 . 9 2 8
1 7 9 1 6 7 5 5 . S OI
ia-:< 1 7  1 2 0 . 3 1 6
1 R 1 2 3 2 2 0 . 6 6 8
1 H 2 1 0 6 9 2 . 2 1 5
1 P J 1 9 1 C 5 . f c ( ' 2
IflU 2 5 0 8 8 . 0 3 2
1 6 5 1 7 6 5 1 . 5 2 0
1 « 6 1 7 7 7  1 . 5 6 2
1 6 7 2 6 7 1 P . 3 7 9
1 9 8 1 6 0 0  2 . 6 9  5
1 H 9 1 6 3 7 5 . 7 9 0
1 7  ' 2 1 9 6 7 , 0 3 "
1 S 1 1 7 3 0 5 . 6 8 6
192 1 7 7 5 2 .  1 1 3
1 9 3 2 3 7 8 7 . 5 7 8
1 9 9 1 0 9 9 3 . 5 2 7
1 9 5 1 9 1 2 8 . 7 6 6
1 9 0 2 0 7 3 2 . C 7 3
1 9 7 1 7 2 2 5 . 2 8 6
19*1 1 7 6 2 6 . 3 9 1
1 9 9 2 3 6 9 3 . 8 0 6
2 :  7 1 0 6 6 6 . 3 9 8
2 ) 1 1 8 1 7 3 . 8 6 1
2 ) 2 2 5 5 9 6 , 9 6 9
2 0 3 1 9 0 2 5 . 1 8 2
2 ) 9 1b t iy 1 .  fc 1 6
2 0 5 3 3 5 2 5 . 2 8 2
2 0 6 1 5 6 5 3 . 6 5 6
2 2 7 1 5 9 5 5 . 8 6 9
2 ' j D 2 1 9 0 9 . 0 7 9
2 ) 9 1 8 1 7 D . 2 2 7
2 19 1 0 5 0 7 , 9 5 7
211 2501IJ .9PJ3
712 1 6 8 . 0 8 .  3 3 1
21 ) 1 6  5 6  3 . 3 9 5
218 2 5 2 3 2 . 1 1 3
2 15 1 0 P 0 9 . 0 9 6
210 1 5  1 9 1 .  6 3 ?
2 1 7 2 9 8 1 8 . 2 2 7
2 18 1 6 1 6 7 .  6 6 9
219 1 6 5 8 3 . 1 8 7
2?2 2 2 2 7 9 . 7 1 9
221 U 9 7 C . 7 1 5
222 1 8 5 6 6 . 5 6 2
2 2 3 2 8 2 1 3 . 1 2 8
228 1 6 6 5 9 . 8 1 0
’ 25 1 7 * ; o u . J A -3
i l l  *1. j i l t 9 II.*
a ■! ? * t *< L 5 I >:<’
U 5 2 * ti f  b o I Ot?
a t  *903 0? id?
t f -Z'OoGlIL Zl-f
ZGf * 6 1 IHl LH2
9n2 *2 56 ?? j hZ
2 5 2 ‘ l l U t 622
b a t  * i ? i rn B2Z
G U * E H 3 1 2 LLZ
£9C •bObfl l 9 2?
91 i * 9 f fl b I 52Z
5 5 5 ‘ R U t 2 02Z
g r s  *50221 t 2 ?
i l 6 * 0 G P 9 l 2 2 "
E;;Z*Z0£| .Z u r
i h S  *bC65 l O i l
6 6 9  *20351 5 5 ?
i l i * 6 0 6 G 2 B9 ?
2 9 2 * 0 9 2 2 1 t n
s n r t t i L  21 9 9 *
C 0 ’.' * L R 2 3 Z 3 9?
292  ‘ GOGOL 0 9 2
3 OH *L 0 1 HI C9Z
5 9 0  “1 SGZZ 2 9?
C'2l  *2EO<U 1 9 ?
5 G t  * 2 2 2 9 1 092
i r e  * i e z o t 65  2
; o f . * t £  t b G?
SC'E* IB9BL iG 2
? l b *6 ' - o c z 952
? l £  ‘ E i l i l 5 5 ’
L6H ‘ 1.1.191 Ob?
L E d ’ GGZLZ E 52
9 0 2 *  3 0 H G L £ 5 ?
f,:>l * 5 h h G l 152
c b t - * 5 2 d GZ l G 2
2 f i f * l 5 U t 6 0 ?
EC i T i f  i l 1(02
0 Z 3 * Z 5 E 1 2 i O ?
3 1 2  *5 9 0 5 1 <10?
E E 9 * S 5 5 G l 5 1.2
BZB*9Glb t 0 0 ?
c z s ’ i z i n i f 02
9 6 0  * . z o r o i 2 0 ?
c z s * 5 ? : o z LO?
2 6 9 * 2 5 t b i ; o ?
c h e  * o l r g i f>r ?
i?.‘jmoZzzi t'E ?
i i . f n i . u i Li?
0 0 8  * 2 1.‘3 91 9 f  ?
E 0 i * 6 i 3 9 £ GE2
595*9b£GL o r ?
9 2 6 * 3 9 6 5 1 r r ?
LZZ *E2;9iZ 2 t  ?
93G * 9C*Z2l lie
2 0L * E r,E 21 CM 2
9 9 2 * 6 2 3 0 2 r 22
220 *005(11 . HE?
5B2 * 2 2 1 PL LI?
0 ' , 0*9(-62Z o r ?
Z6T
as;>* l i u
E U  - n - i K. T ‘J b t
a S L * 3 U 6 l 3 b t
715'lt‘UH h h f
„-3l  *ElH Z E h f
9 9 0 * h £  I 6 l EhE
fi&‘J * 3 9 6 < H t trE
C t h ' E h l l F Ont
iLL ' » n  L&U 5f  I
161 * S 1? ? o I fit E
S i. ̂  * h j  t  f E 6E r
hi  6 * 1 b9 6 l « E t
£ 1 9 * 9 S ? 6 1 SE t
BbB*? i 6FUr h i  I
9 9 E * h E t U EE E
UE6 ’ e s g s i E l f
S9 f > ' h C9 9 E LEI
h! H *L L66L o E t
SEE
£t<8 " UE j E  E PEE
E 9 f  *61>ti9L 6Et
E hL T-LWl 9EE
3 9 h ‘ t a E  )E SEE
Lb Z  *E6l  31 hEf
iihL " 6 E 9 h t EEE
9 a - j * L 3 6 h E EEE
&SE ‘ G a n n t LEE
f i f i f i  a t  9L GEE
B&G*L£6£E 6 1 E
9 £ b * E 6 9 6 l b i t
C h T * ( H t £ l LLC
h h E ’ D l a l E 9 LI­
S h S * L 9 3 a l SLE
H96 * £ E 3 3 t h l f
6 9 l ’ 5 9 3 HZ E l f
6CE ' 9 Z 6 6 L ELf
E L 9 * a Z S 6 l LIE
SLE *OE 9SE ELE
C-91'tiPlbl 6 r,l
E L [I * 6 9 9 8 L H )L
i n  ' i a S E E 6 f t
n a n * 8 3 3 6 1 a c t
l b ? * E 9 L 6 L s r  f
6 1 9 * h 9 C 6 E b U
Orif *9ZL&1 I CE
Et iE' BEfShL EEE
f , E | *  I 6dEE t  j t
CH6 * Eh . i 6 l . 0 i
E j b * S 3 9 9 l t b E
EE6 T E O I E ht .E
Z Z b * 3 S 9 S l 6b  E
£ 5 6 * 6 6 : 5 1 96E
L 9 b * E 6 S 3 E a s E
h a h * E ‘J :: 6 l TibE
hE6*  I B i ' J l t  Ci E
69E *661 BE z e r
E t b * 6 0 L 6 l LIE
ctt» * 9 r t u i OfiE
b I b  * E5 9 EE ti rt E
C t n * l h b 9 t 4H.E
5 5 t  * 9 ? L 9 l 6 8 ?
£6T
194
140 1 7 7 8 5 , 9 1 8
349 2 6 1 3 3 . 8 7 4
35 f 100 16.  920
351 1 0 3 6 5 . 7 9 9
152 2 1 9 0 6 . 4 3 7
3 5.3 1 7 3 5 3 . 6 3 3
354 1 7 7 G 6 . 404
355 2 3 8 6 6 . 1 5 2
3 50 1 9 9 9 2 . 9 2 8
357 1 8 1 2 4 . 7 1 9
35(3 287 2  5 . 3 5 5
355 1 7 2 2 6 . 5 2 7
36C 1 7 6 2 7 . 75P
361 2 3 6 9 5 . 0 5 1
302 1 0 6 6 6 .  27.3
36 3 191C 3 . 9 5 3
364 2 5 5 9 6 . 2 8 1
3 6.6 3 2 6 6 9 . 5 9 6
366 3 8 2 4 3 , 7 5 6
367 7 2 4 6 6 . 6 8 7
ib<\ 2 5 3 5 2 . 2 2 3
366 2 4 7 6 2 . 0 1 6
37 5 4 1 6 7 3 . 2 9 7
J71 3 1 2 5 0 . 4 2 6
372 30 5 9 4 . 8 7 9
37 3 5 6 5 5 6 . 7 7 7
374 27 T i t . 113
375 2 5 8 8 7 .  7 7 C
37c 4 9 7 3 9 , 2 7 0
377 2 3 6 8 7 . 2 2 3
378 2 3 3 1 5 . 6 1 2
379 3 7 0 3 1 . 77C
380 2 6 5 4 4 . 8 5 9
30 1 2 6 1 3 1 . 8 9 8
382 u 1 3 2 C . 695
363 3 1 7 3 3 . 8 4 5
384 3 0 4 7 5 . 5 2 6
365 5 0 0 2 2 . 3C5
396 2 7 8 2 2 . 3 3 6
307 2 7 3 7 0 . 0 7 8
389 4 3 4 3 0 . 0  39
389 31 11C .0  90
390 3 0 6 2 9 . 4 0  2
391 4 8 3 9 5 . 6 1 2
392 2 8 3 4 5 .  4 )6
383 2 6 6 9 0 . 3 7 5
194 5 5 5 6 5 . 4 5 7
385 2 3 6 8 5 . 5 2 3
396 2 3 4 4 9 . 7 1 1
187 3 7 S C 5 . 6 5 9
194 2 7 5 6 : . 0 9 0
399 2 7 0 8 3 . 5 5 5
4 0 . 4 3 4 4 0 . ‘ 78
4 01 2 5 7 0 4 . 7 6 2
4 32 2 4 7 4 3 . 3 3 1
4C3 4 6 3 4 9 . 2 3 4
494 2 2 7 0 4 . 3 7 8
425 2 2 3 5 0 . 9 9 2
4 06 3 5 3 4 9 . 4 3 7
407 2 5 2 3 5 . 0 3 9
4 J8 24 65 7 .  fl7 1
195
4 " ‘I 36 1 5 5 . 3 9 8
It 1 1 2(1915.  4 : 7
4 1 1 2 6 5 7 1 . 5 4 7
4 12 0 7 4 7 5 . 7 1 9
413 2 4 7 5 6 . 6 4 5
4 14 26 : -72 .  36 5
415 3 U 5 2 f i . : 5 5
4 16 275  1 C .5 4 4
41 7 2 7 £ 6 5 . 7 3 0
418 4 26 7 5 . U55
4 19 3 2 0 3 5 . 2 7 7
42 3 I j UO 1 , Ru 1
421 6 2 6 7 4 , 6(?'J
422 2 7 C 2 6 . 0 4 4
423 2 6 5 3 5 . 5 5 8
424 4 2 4 6 9 . 7 1 5
4 25 3 1 1 5 5 . 2 P 5
4 26 3 0 6 1 9 . 2 8 1
427 4 5 0 8 7 . 6 6 0
428 2 9 0 8 9 . 1 8 4
429 2 8 0 0 1 . 3 3 6
4 36 5 2 4 3 6 , 9 1 0
431 2 5 6 5 5 . 5 1 4
4 32 2 5 2 9  6 . SC 4
4 33 3 S 5 6 5 . 2 9 7
4 14 2 8 5 6 1 . 9 5 3
4 35 2B13 3 . 7 6 5
4 16 443  1 1 . 9 1 4
4 37 3 1 6 7 0 . 5 1 6
4 3'3 3 0 4 9 1 . 5 2 7
4 39 5 7 0 4 2 . 9 9 6
44C 2 7 9 8 9 . 7 8 9
441 2 7 5 5 5 . 4 1 7
442 4 7 5 5 7 . 6 6 4
443 3 1 1 0 0 . 5 7 0
4 44 3 0 6 3 1 . 7 4 2
4 45 4 8 2 4 2 . 9 1 0
4 4 6 2 9 6 1 8 . 9 0 2
447 27 8 6 6 . 0 5  5
448 6 0 6 8 4 . 4 4 1
4 49 2 4 2 6 1 , 0 5 9
4 53 2 3 7 9 8 . 3C5
451 3 8 9 0 1 . 5 8 2
45 2 2 8 6 3 8 .  3 16
453 2 0 1 9 9 . 2 7 7
4 54 4 5 5 4 4 . 1 4 5
4 5 5 2 f 7  7 C . 344
456 25 3 7 0 . 5 9 0
4 5 7 4 7 2 6 6 . 0 6 6
4 56 2 2 9 5 5 . 2 4 6
4 59 2 2 5 9 4 . 2 5 8
4 6i 3 0 7 7 6 . 6 6 0
46 1 2 5 5 F 1 . 6 5 9
4 62 2 5 1 9 9 . 9 6 5
46 3 3 9 7 3 1 . 4 7 3
464 29 10 1. 27 3
466 2 7 9 9 3 . 3 9 6
4 66 6 2 6 4 2 . 2 2 7
4 67 2 5 6 4 7 . 6 1 7
4 6 8 2 5 24 5 . 5C6
4 69 3 9 5 5 7 , 9 8 1
196
a 7 0 2 B 5 6 0 . 668
471 2 8 1 2 6 , 3 8 7
<172 4 4 3 4 5 . 3 1 4
<17 3 2 7 2 8 7  . 9 9 8
474 2 5 9 3 6 . 4 2 2
<175 5 2 6 3 7 .  Ub1
47 6 2 3 1 3 7 . 9 9 1
<177 2 2 7 2 4 , 1 2 1
4 78 3 6 6 2 4 , 3 6 7
<179 2 6 5 6 5 . 8 1 6
49.1 2 6 1 1 4 . 0 7 0
4 R 1 4 1 7 9 7 . 2 7 7
■132 2 4 9 1 2 . 9 1 4
v e j 2 3 9 8 6 . 2 7 7
<4 54 4 4 8 6 2 : 6 6 4
45 5 2 2 5 1 9 . 8 4 4
4flb 2 1 o 7 B . 258
4 9 7 3 4 2 6 5 . 7 9 7
4 18 2 4 4 6 5 .  117
489 2 4 0 9 6 . 4 3 4
ao-’ 3 7 9 4 9 . 6 9 1
471 2 7 0 0 6 . 9 lO
442 2 6 0 v 5 . 562
493 4 8 5 9 7 . b48
4 34 2 3 6 7 9 . 9 3 7
4 95 2 3 5 1 6 . 0 1 6
4 96 3 7 1 5 4 . 5C9
49 7 2 6 5 2 3 . 6 6 8
498 26 124 .  441
4 5 9 4 1 1 3 6 . 2 9 3
5'K< 2 9 3 7 7 . 9 5 3
5 '  1 2 7 9 2 5 . 3 3 6
5 92 5 6 9 6 4 . 1 9 9
5u 3 2 4 9 1 7 . 1 6 4
534 2 4 4 7 1 . 9 9 6
5 0 5 3 9 4 3 6 . 0 3 1
5 36 2860  2 . 1 6 8
5 0 7 2 0 1 1 6 . 1 7 6
50 9 4 4 9 0 6 . 1 3 7
5C9 26 6 2 9 . 3 0 5
510 2 5 6 3 1 . 6 6 0
511 4 8 3 1 0 . 7 5 9
5 1 2 2 3 7 1 4 . 4 5 3
513 2 3 3 4 6 . 6 2 1
514 3 6 9 0 2 .  363
515 2 6 3 4 7 . 2 4 2
516 2 5 4 5 C . 2 3 B
517 4 C E 6 7 . 6 B 7
51 9 2 9 3 7 7 . 1 7 6
5 1 9 2 7 9 9 5 . 3 2 8
527 5 2 3 2 0 . 2 0 ?
521 2 5 7 1 1 . 2 1 9
5 2 2 2 5 3 1 2 , 9 6 9
5 23 4 0 0 0 3 . 3 2 4
524 2 8 5 5 7 . 5 5 1
525 2 0 1 2 7 . 27C
52b 4 4 2 8 9 . 5 3 1
6 2 7 3 2 2 5 2 . 2 2 7
5 2 8 30 3 4 8 . 4 3 4
529 iii»r2 4 ,  3 75
5 10 ; ' i 4 ' i 4 .
197
j J I  2 5 3 2 9 . 0 0 8
1 32  6 2 9 6 ' ' .  52U
5 33 ? 1 1 f l 7 . 8 2 ( .
5 38 3'.‘G 10 .  27b
535  9 9 5 9 C . 1 17
5 36  2 8 6 0 9 . 8C9
5 37  2 7 3 1 6 . 0 7 6
5 38  5 1 5 1 6 . 2 7 3
5 39  2 5 0 1 2 . 3 3 2
5 U U 2 8 6 1 9 . 0 8 2
561 3 8 5 6 1 . 7 1 9
5 U2 2 7 8 7 2 . 0 7 9
5 9 3  2 7 9 9 7 . 1 2 5
599 9 3 2 8 3 . 8 6 5
5 95  2 1 6 9 2 . 2 1 5
5 96  3 > 9 8 6 . 1 9 1
5 97  5 7 3 7 7 , 6 6 3
5 9 8  2 7 9 3 2 . 5 2 7
5 99  2 7 9 9 9 . 7 7 3
555  9 3 5 1 6 . 7 6 2551 31 103.025
5 5 2  3 0 6 3 0 . 9 3 9
553 9 H 2 9 3 . 1 6 9
559  2 9 7 3 1 . 5 9 0
5 55  2 R 2 5 9 . 5 C 6
556 5 7 6 7  2 .  176
5 57  2 5 2 1 1 . 3 5 5
5 5 8  2 9 7 6 0 . 5 9 9
5 59  39 5 0 5 . 9 1 C560 28995.109
561 2 8 9 5 2 . 5 7 7562 85528.939
5 6 3  2 7 1 9 5 . 5 6 2
569 26 1 3 5 ,  930
5 6 5  8 8 6 8 2 . 5 6 6
566 2 3 9 9 3 . 3 7 9
5 6 7  2 3 6 2 1 . 1 9 1
5 68  3 7 3 3 6 . 7 0 1
5 6 5  2 6 6 5 7 . 6 6 8
5 70  2 6 2 5 5 . 9 6 9
571 6 1 3 6 9 . 5 3 9
5 72  2 9 9 2 5 . 7 1 9
5 7 3  2 8 3 3 9 . 7 6 2
579  5 2 9 9 9 . 6 0 9575 26C18.926
5 76  2 5 6 1 5 . 7 9 5
5 77  9 0 9 6 2 . 2 5 7
5 70  2 8 8 9 9 . 2 2 7
5 79  2 0 9 6 8 . 2 5 0
500 8 9 9 2 C . 5 5 1
591 3 1 5 9 3 . 5 2 7
5 82 30 6 1 2 .  ■■'78
5 83  6 2 0 3 0 . 2 7 3
5(19 2 7 1 3 7 . 0  31
5 85  2 6 6 5 2 . 3 " 1
5 0b  6 2 9 9 8 . 9 8 5
5 67  31 16 9 . '  1 <i
5 99  J ' 6 1 9 . 8 1 2
599 6 0 c 5 1 . 9 9 629 219,656391 2" H3. 176
198
52 61 0 . 11 10
5 ‘13 2 5 6 2 7 . 0  i f
s  9u 2 5 0 2 6 . 9 3 6
5 95 0' .  1 9 0 .  1 V1
5'J6 2 H 6 9 0 . 69 0
5 9 7 2 P 2 6 2 . 312
5 9 9 0 0 5 0 9 . 7 5 0
5 9 9 • 1 6 6 6 , 3 0 8
6 00 3 0 0 9 2 . 5 6 2
6' j  1 5 6 5 7 6 . 0 6 9
6 0 2 2 0 9 0 0 . 8 2 0
r, c -? 2 7 5 6 7 . 1 3 9
0 9 u 0 3 5 6 5 . 5 5 5
b n 5 3 1 0 9 9 . 9 U 1
6 06 3 0 6 3 1 . 8 9 5
6 0 7 0 8 2 3 3 . 2 3 0
6 30 3 T 6 0 0 .  199
6 J 9 2 9 3 7 6 . 3 3 2
6 1 C 6 9 2 3 2 . 7 5 0
ft 11 20 78 9 . 3 7 ' J
6 1 2 2 0 2 2 7 . 1 3 9
6 13 0 C 5 8 0 . 6 5 9
6 1 6 30 3 2 0 . 5 6 6
6 15 2 9 7 0 0 . 9 6 1
6 1 6 09 9 1 7 . 5 6 6
b 17 2 6 5 1 1 . 1 6 9
6 1 0 2 5 0 5 1 . 3 5 5
6 19 0H571,H3fc
6 20 2 3 2 1 7 . 7 0 3
6 2 1 2 2 6 0 5 , 5 1 5
6 2 2 3 6 2 6 5 . 2 3 8
0 2 3 2 5 9 8 3 . 8 7 9
6 20 2 5 5 8 1 . 0 5 9
6 2 5 UC-031 . 0 7 3
6 2 6 3 0 7 9 7 .  328
6 2 7 2 9 5 8 0 . 0 6 8
6 2 0 56  2 1 6 . 9 7 6
6 2 9 2 7 5 2 5 . 1 0 1
6 3-' 2 6 5 9 0 . 9 6 5
6 2 1 0 2 1 7 8 . 1 6 2
6 3 2 3C 1 3 7 , 5  39
6 3 3 2 9 7 3 2 . 2 ^ 3
6 36 0 6 5 5 6 . 1 9 9
6 2 5 2 7 7 0 1 . 2 9 7
6 36 2 6 3 2 6 .  105
6 3 7 5 0 2 6 1 , 0 0 0
6 3 H 2 3 0 0 2 . 2 2 7
6 3 9 2 2 5 7 6 , 7 0 6
n«C 37 1 2 1 . 6 7 6
6 9 1 2 6 9 7 8 . 8 0 1
69  i 26  5 1 3 . 6 8 0
6 9 3 0 2 5 6 8 . 0 5 3
6 0 6 2 5 1 8 6 . 9 0 5
6 0 5 2 0 2 0 5 . 7 8 9
6 66 0 5 0 7 5 . t o e
6 0 7 2 2 2 0 9 . 0 3 0
6 0 0 2 19 0  3. 56 6
6 0 9 3 9 6 3 1 . C '•9
6 VI 2 0 7 3 1 . 2 0 2
6 51 20 2 5 7 . 6  96
6 52 j o  3 6 8 . 9 0 5
199
6 5 3 2 7 4 * 4 . 9 3 4
f. 34 2 6 4 8 3 . 9 3 7
6 55 4 9 7 9 6 . 8 1 2
6 56 2 4 2 3 7 . 4 1 8
657 23fi fi1.2*»5
6 5 0 3 7 7 1 3 . 3 t 7
6 5 '1 26 9 3 1 . 3 5 2
66 6 2 6 5 2 5 . 3 6 3
661 4 1 7 7 5 . 7 6 6
6 ' j2 3 1 8 8 9 . 8 1 2
6 6 3 2 9 5 1 2 . 7 1 1
6 6 4 6'j 7 3 3 . 1 5 9
6b5 2 6 2 5 2 . 4 5 7
66b 2 5 7 7 7 . 1 6 4
6 6 7 4 1 6 2 b . u e e
66*3 Jv  24 1 . 4  14
6 b 9 2 5 7 2 1 . 4 1 4
u7  : 4 7 6 3 3 . 6 1 3
671 2 8 2 5 7 . 3 7 5
b 72 27 2 1 2 . 4  30
67.1 5 U 9 2 9 . 5 9 P
6 7u 2 4 9 6 4 . = 1 4
6 7 5 2 4 3 7 6 . 6 0 2
6 76 3 8 8 5 5 . 2 8 3
b 7 7 2 7 7 4 6 . 7 7 3
6 79 27 3 2 8 . ) 3 5
6 7 9 4 3 C 4 5 . 7 5 C
6 8 0 30 7 4 1 . 0 8 7
f,R1 2 5 3 9 8 . 3 0 1
6 8 2 5 5 3 6 1 . 0 3 1
6 8 3 2 7 1 7 1 . 4 8 0
6 9 4 2 6 7 4 9 . 9 6 1
6 8 5 6 2 2 8 2 . 7 2 3
6 9 6 3 0 1 6 9 . 2 1 9
6 8 7 2 9 7 3 4 . 2 5 6
u 0 9 4 6 8 2 7 . 0 1 2
bP 9 2DSH9, 3 2 4
6 4.'i 2 7 2 8 2 . 2 0 9
r>9i 5 9 2 9 8 . 1 1 7
6 9 2 2 3 7 8 9 . 8 6 7
6 9.7 2 J 3 1 8 . 3 0 3
6 94 3 0 1 7 6 . - 3 6 2
6 5 5 2 8 C 3 5 . 4 6 1
b 96 2 7 5 1 6 . 9 4 5
6 5 7 4 4 5 7 L . 4 H 4
6 1 8 2 5 5 4 5 . 2 2 3
6 5 9 2 4 5 6 6 . 5 4 3
7 )•' 46 3 2 3 . 3 0 6
7C1 2 2 4 9 5 , 5 8 6
7 12 2 2 1 6 1 . 9 7 3
75 7 3 5 1 5 8 . 5 4 3
7 14 2 5 ) 6 6 . 4 3 0
7 4 5 2 4 6 8 4 . 3 2 4
7 , 6 339  3 3 . 5 6 2
7 17 2 5 4 0 5 . 1 5 2
7 )a 274 0  5 . 3 5 9
7 79 5 1 5 7 3 . 0 7 9
71 ' , 2 5 1 D . 5 7 H
7 1 1 247  1 7 .  12 9
7 12 34 1 1 4 . 6 1 7
7 1 3 2 / 5 6 C . 4 1 P
200
; i 'i 2 / 5  3 5 , 3 J 5
715 6 3 6 1 1 . 6 6 6
716 2 t , 7 3 9 . 5 ‘ <l
7 17 2 5 6 1 5 . C51
7 1 8 5 1 P 6 1 , 665
7 1? 2267  6 , 5 7 8
72V 2 2 2 0 9 . 25 c-
721 3 5 6 8 9 . 2 9 3
7 22 260 31.5*3 6
7 23 2 5 5 8 8 . 9 7 7
726 6 0 3 6 5 . 2 6 2
725 2 6 0 1 6 . 2 7 3
726 23 5 3 6 . 2 0 5
727 6 3 9 6 3 . 6 7 2
7 2'3 2 1 5 7 9 . 3 8 3
726 7 1 2 6 6 . 6 6 8
770 3 3 5 8 0 . 2  27
73 1 2 3 9 7 5 . 5 C8
7 72 236 1 6 . 2 2 7
7 3 3 3 7 1 8 9 .  380
7 36 26 66 3 , 7 5 6
7 7 S 2 5 6 8 2 . 6 3  7
7 I d 6 7 6 1 9 . 2 5 6
737 2 3 3 9 9 , 9 3 0
73H 2 3-1 37 ,  6 69
7 V> 36 6 " 7 ,  5C6
7 6); 7599*?.  29 3
7 f4 1 2 5 5 9 9 , 1 1* 5
7 62 60 308 ,  936
763 2 8 7 5 9 . 9 2 0
766 3 7 3 3 8 . 7 2 7
7 6b 5 5 7 5 6 . 1 1 3
7 66 2 6 3 9 5 . 6 9 6
767 2 3 9 6 9 , 7 9 1
7 6 H 386*38, 766
7 60 2 8 6 0 1 . 0 5 9
7 5 ' ' 2 7 5 2 5 . 39H
751 6 u - . 3 5 . 1 6 6
752 26 2 6 7 , 8 2  R
7 53 2 5 2 9 1 . 1 1 7
756 '47 2 9 0 .  6 8C
75 5 2 3 2 1 P . 6 1 B
756 224158.  289
7 57 3 6 1 1 C . 3 1  2
7 5 8 2 5 7 9 5 . 9 1 6
759 2 5 6 0 7 . 2 1 9
7 ho 6 > ? 1 2 . 3 3 6
761 2 8 6 6 6 . 1 1  3
7 - 2 2 7 6 1 0 . 9 9 6
7 6 3 5 1 2 1 9 . 6 8 7
7 66 2 5 1 7 1 . 1 6 5
7 6 5 2 6 7 8 1 . 2 7 3
/oh 3 9 1 6 2 . 8 8 7
7 6 7 2 7 9 5 6 , 9 8 8
7hB 27 5 3 0 . 2 3 8
769 6 3 3 5 8 . 7C 1
7 7 ) 3 1 2 0 5 . 6*J6
771 2 9 6 6 1' .  989
7 72 f -3906 .  06  1
77  3 256 9 6 . 9 9 2
776 2518  8 . 3  32
201
776 9 1 2 2 3 . 2 7 1
771. 7 0 ^ 7 ^ . 0 9 2
777 2 3 7 1 3 . b98
779 90 1 2 1 . 3 3 6
7 7 n 2 7 5 9 0 . -J 27
7;I t 2 6 5 3 7 . 25H
7t!1 50u 3 3 . 9*. 2
732 20 3 0 0 . 9 0 0
78 3 2 3 9 1 9 . 0 3 1
700 371!7 1. 0 13
785 2 7 C 7 7 . 1 0 5
736 2 6 5 6 9 . 0 2 2
737 0 2 0 5 2 . C05
793 3C76 2 . 9«9
739 2 9 5 9 3 . 1 2 5
790 5 5 6 0 6 . 1“ 1
791 2 7 1 1 5 . 0 9 0
772 2 h6 9  1. <;‘JC
793 9 2 2 0 3 . 0 1 2
799 3o 1 9 2 . 3 7 1
7 9 ; 2 9 7 3 3 . 0 7 7
796 00 8 7 6 . 5 9 0
797 20803,1*32
793 2 7 0 5 3 . 8 6 7
799 5 6 0 1 6 . 8 2 0
0-ji. 2 9 0 9 0 . 3 1 6
9'J 1 2 0 C 5 6 . 5 2 3
932 38 76 0 .  800
903 2 8 1 1 5 . 6 0 1
B3U 2 7 6 0 1 . 6 7 6
9C5 0 9 2 2 9 . 5 5 5
b :>6 2637  - . 7 3 0
3^7 2 5 3 9 2 . 9 : 6
393 0 7 0 9 1 . 6 9 5
369 2 3 3 1 1 . 0 3 0
310 2 2 9 0 9 . P 32
911 3 6 2 7 5 . 03C
9 12 2 5 8 9 9 . 7 8 1
313 2 5 5 0 9 . 5 0 0
3 19 0C 1 7 3 . 7 8 5
H 1 9 2058 6  . 5 9 0
016 2 7 6 2 6 . 8 0 5
’J 17 3 1 0 3 6 . 6 6 8
U19 2 3 2 7 7 . 1 3 2
919 2 0 0 0 5 . 5 5 5
9 20 3 9 3 2 8 .  1 17
921 2 P 0 7 5 . 1 6 C
922 2 7 6 5 2 . 6 2 1
H23 0 3 5 0 2 , 7 0 0
929 3 1 6 5 5 . 0  30
112 = 2 S 5 2 1 . 1 6 P
0 26 0 02 0  2 . 2 5 0
327 2(i 3 0 3 . 7 2 3
9 211 2 5 0 7 3 . 2 8 1
329 0 1 6 5 1 . 3 3 6
0 j - 30 23 6 .  258
9 31 2 9 7 2 2 . 6 9 0
9 32 0 7 3 5 3 . 9 0 8
H J 1 28 165 .  <i60
9 79 2 73 1 1.■-•73
« 10 5 1 3 7 - . 7 . *  7
202
• m  2 5 0 ? h 3  2
f? J7 oufeo.gsi
t u n  3'J j 15 .  91 u
8 7 0  2 7 8 5 6 . MO
9140 2 7 9 3 6 . 3 7 9
091  <43 2 C 7 . P 5 2
Hi42 J 0 7 3 9 . 9 9 9
014 3 2 9 5 9 9  , 1 14R
8149 55 3 0 7 . 9 9 5
3 9 5  2 7 1 U 0 .5 7 C
8 96  2 6 7 5 9 . 57B
8(4 7 <42289.203
8 9 8  3 0 188.6<>9
9<49 2 9 7 3 9 . 3 7 5
8 5 0  <46619 .328
US 1 3 2 5 9 9 . 2 5 6
H52 3 0 2 6 3 . 0 7 9
8 5 3  7 1 3 0 2 . 5 6 2
R5U * 5 5 3 7 . 9 2 2
H5S 2 9 8 5 6 . 6 9 5
415b u 1G0 5 .  98 0
8 5 7  3 1 2 3 5 . 8 6 3
0 5 8  3 0 5 9 7 , 9 7 7
9 5 9  5 0 3 9 3 . 8 5 9
Bb' '  2 7 3 1 1 . 6 0 9
861  2 6 2 1 9 . 9 5 3
9 6 2  SO 7 38.14 1 C
8 63  2 3 5 1 8 . 6 6 7
069  2 3 5 3 5 .  1461
0 6 5  3736C .K1C
8 66  2 6 7 6 8 . 5 9 7
667  2 6 3 5 3 . 5 6 2
8 6 6  9 1 6 5 2 . 3 9 1
9 69  3 1 7 2 6 . 51C
87  0 36 9 7 7 . 6 6 C
371 5 7 9 1 3 . 6 9 5
87 2 2 7 8 9 0 . 9 1 0
0 7 3  2 7 3 9 7 . 75C
37<4 1431151.312
9 75  3 1 1 6 9 . 3 2 3
I7f. 3 0 6 2 9 . 6 5 6
0 7 7  9 8 3 7 3 . 5 2 0
8 70  20579 .0143
079  2 7 1 2 1 . 1 2 5
9 9 0  5 5 9 2 0 . 5 1 2
801 2 9 1 2 E . S 7  3
0 02  2 3 6 7 C . 6 9 9
3 0 3  3 8 2 9 2 . 7 2 7
0 99 27 79 3 . 5 2 0
0 05  2 7 3 1 9 . J u 3
086 9 3 7 9 2 . 1 2 9
0H7 2 5 9 9 7 . 5 5 0
8 1 8  2 K S 7 0 . J 1 2
0 8 9  9 6 7 7 6 . 2 2 7
490 2 2 9 2 1 . 3 6 7
831 27 3<’ 5 .  179
0 9 2  3 5 6 7 6 . 8 0  7
09 4 2 5 9 7 6 . 1 2 5
ic m  ? r' J 3  5(>u
0 96  3 * 5 2 7 . 6 0 7
HU,  2 8 2 5 3 .  121
203
>i<i l 2 7 2 : 1 . 2 4 7
fi'j it =08811.  55 4
H >5 *1 24 9 6 5 . 3 6 7
a j r 24 OH 1 . 8 6  3
9-31 3 6 6 5 7 . 4 1 8
9U 2 2 7 7 4 4 .  r.*»7
9 9 J 2 7 3 2 6 . 3 6 7
4 3 0 3 7 . 3 2 8
4 J 5 2 2 0 2  P ■24 2
906 30 40 3 .  5 35
9C7 6 2 = 6 6 . 0 6 2
9 0 8 27 0  4 5 . 4 1 8
4 39 2 6 5 = 5 . > 6 6
<31' 4 2 8 8 2 . 9 5 6
911 3 1 1 5 4 . 2 3 4
912 3 0 6 1 8 .  535
(113 4 9 C 7 1 . 3 7 S
9 1 4 2 9 1 1 5 . 7 4 4
919 2 8 0 2 3 . = 5 5
9 16 5 2 4 6 6 . 8 1 2
917 2 57 1P .C I3 2
9 18 25 3 1 B . 469
n i (i 4 6 0 2 9 . 1 5 6
9 >' 2 8 5 9 4 . 32H
921 28 1 5 2 . 9 4 9
922 44 34 5 .  10 2
7 2? 3 1 6 6 9 . 8  12
'? 2 it 3 0 4 4  1 . 7 1 1
325 5 7 5 3 2 . 0  59
926 2 7 9 9 1 , 8 4 8
9 2 7 2 7 5 5 7 . 3 9 8
9 28 4 3 5 5 8 . 7 9 ;
9 29 3 1 1 0 9 . 4 6 1
9 I f 3->631.  773
911 4 6 2 4 1 . 2 8 5
9 J 2 2 9 0 6 4 . 7  38
971 20  I C f i . 168
9 m 6 1 0 0 0 . 6 5 2
935 2 4 5 1 . 0 . 3 1 2
9 3 6 2 4 6 2 2 . 5 6 6
9 37 3 9 3 2 6 . 9 3 0
9 18 2 0 0 8 2 . C86
4 19 2 0 3 4 7 . 9 0 6
9 4 ' 4 5 9 1 6 . 4  10
9<l 1 2 6 3 1 6 . 6 6 e
94 2 2 5 3 C 0 . 445
99 3 4 7 7 2 2 . 6 1 2
944 2 3 1 7 4 . 9 4 5
9 45 2 2 6 1 0 . 6 5 2
9 4 ti 3r, 1 1 7 . 2 8 9
9 47 2 5 6 2 3 . 4 2 6
94B 2 5 4 2 9 . 7 8 1
949 4 6 1 0 6 . 2 5 0
9 i : 29  3 4 9 . 3 6  7
9 51 2 8 2 3 2 . 9 5 7
952 5 3 1 3 1 .  324
95 3 2 5 6 6 t' .  479
4 54 2 5 4 6 3 . = 4 7
95 5 O ' ? 3 3 . 0 6 5
156 2>3tt; 4 .  77 3
957 2 8 3 66.922
204
9 6,9 0 if 7 ; : ,  h : 9
95' ) 275 9  ( . . ' u O
9 t . : 26 K J i .  562
96 1 5 3 02 7 . 6 2 5
o<; j 2 3 3 5 9 .  J** 14
•)6 3 2 2 9 6 1 . 7 7 7
9b'4 36 97 3. 1 3 3
965 2 6 6 1 7 . 6 5 2
966 26 3 6 1 .  7 6 2
967 0 2 1 6 1 . 7 0 5
9 6 It 25 151 .  586
969 29 2 1 6 . 1 8  C
970 '45291 . .383
971 22 2 3 1 . C 7 9
972 2 1 8Hu . 2  38
97.1 39 59 9  . 300
770 2 0 6 9 9 . 5 7 0
975 2 0 2 2 7 . 3 7 5
9 7(; 38 3 1 2 . 2 0  3
777 2 7 2 6 2 . 9 5 3
978 2 6 2 5 2 . 2 1 7
979 o r  1 5 7 .  308
9 9 r' 20 1 j 6 . 6 0 5
99 1 2 3 7 3 3 .  1 PC
9 92 3 7 5 9 7 . 0 0 8
9H3 2 b 77 5 . 1 95
960 26 3 7 2 .  196
965 0 1 5 2 6 . 2 5 6
OPf. 2 9 6 2 8 . 0 2 6
997 2 8 1 6 0 . 3 0 5
9!1P 5 7 0 3 9 . 8 2 0
9!19 2 5 1 3 2 . 2C3
999 2 0 6 6 3 . 3 3 2
991 3 5 7 7 0 . 6 6 8
992 2 8 0 0 6 . 6 0 5
993 2 8 3 5 6 . 6 2 1
9 99 0 5 3 6 9 . 9 7 0
9 °S 2 7 2 6 1 . 9 7 8
996 2 6 7 5 0 . 8 9 1
■H7 OP 7 2 7 . 3 2 7
999 2 3 9 1 9 . 5 7 0
999 2 3 5 0 8 . 5 7 0
10 10 37 22 1. 387
1 1 j 1 2 6 5 7 0 . 9 1 0
1172 2 6 1 7 0 . 0 7 7
n i 3 0 1 2 2 7 . 6 0 6
1 . '09 2 9 3 2 5 . 7 0 2
1 j 75 2 8 2 3 8 . 7 6 2
1 :--!0 5 2 7 6 6 . 0  10
1007 2 5 9 3 1 . 2 7 0
1 ; : H 255 2  J . 62 1
10 39 01. 30 5 .  5 18
K V . 2 8 Q9 1 , 2 0 2
19 11 28 3 6 7 . 7R9
1012 0 0 6 6 8 . 2  66
1 • • n 3 2 2 0 5 . 1 5 1
1 "* 1« 3 5 3 5 0 . 1 7 2
19 15 6 5 S 1 5 . 7 5 C
l . ' l i t 26 07  2 . 6 6 9
to 17 2 5 9 0 8 .  ti76
I n  1H 0 2 0 7 3 . 7 9 1
205
1 0 1 ‘J 3 1 1 8 6 . 7 6 6
1 3 20 3 0 6 1 0 . 5 3 9
1021 4 5 5 7 3 . 8 3 6
1C22 2 9 4 2 6 . 9 6 5
1 02 3 2 7 3 3 1 . 2 5 7
1024 5 1 5 4 4 . 1 7 2
1 0 2 5 2 5 0 3 4 . 4 6 9
102 6 2 4 6 4 1 . 0 4 3
1 327 3 5 0 1 4 . 5 7 8
13 26 2 7 8 9 4 . 4 4 1
10 29 2 7 4 6 9 . 3 0 1
102 0 4 3 3 2 2 . 0 2 3
1031 3 1 6 9 1 . 5 1 2
103 2 3 0 4 8 6 . 3 7 5
103 3 5 7 3 6 7 . 0 3 1
1 03 4 2 7 9 3 4 . 3 0 3
103 5 2 7 4 9 6 . 7 5 0
10 36 4 3 5 1 8 . C86
10 37 3 1 1C3 .7 11
1 0 3 8 3 0 6 3 0 . 9 6 5
1 0 3 9 4 8 2 9 1 . 5 1 6
1040 2 9 7 5 4 . 9 5 7
104 1 2 8 2 8 2 . 5 7 8
10 42 5 7 7 0 7 . 6 9 1
10 43 2 5 2 3 3 . 6 9 5
104 4 2 4 7 8 2 . 6 8 7
1 0 4 5 3 9 9 3 9 . 1 6 2
104 6 28 9 6 0 . 4 4 9
10 47 2 8 4 7 6 . 6 5 4
1i>48 4 5 5 6 4 .  137
1049 2 7 1 6 9 . 8 4 8
1050 2 6 1 5 9 . 4 1 4
1051 4 8 9 2 5 . 2 6 2
1 0 5 2 2 4 0 1 5 . 1 0 5
1 0 5 3 2 3 6 4 2 . 5 9 0
1 0 5 4 3 7 3 7 0 . 4 3 0
1 0 5 5 2 6 6 8 1 . 5 9 0
1G56 26 2 7 9 . 5 2 3
1 0 5 7 4 1 3 e 6 . 4 6 9
1058 2 9 4 4 9 . 4 9 2
1 05 9 2 8 3 5 7 . 7 2 3
1360 5 2 9 9 1 . 3 7 9
1061 2 6 0 4 0 . 1 0 5
1062 2 5 6 3 6 . 7 4 2
1 0 6 3 4 0 5 1 5 . 2 5 8
106 4 2 8 9 2 2 , 6 2 9
1 0 6 5 2 8 4 8 7 . 3 3 2
106 6 4 4 8 5 6 . 6 9 5
10 67 3 1 9 9 2 . 8 2 8
1 0 6 8 3 0 4 1 2 . 2 4 6
1 0 6 9 6 2 0 1 9 . 3 9 1
1 0 7 0 2 7 1 3 8 . 8 9 5
1u71 2 6 6 5 4 . 2 5 8
1072 4 2 9 4 9 . 7 5 8
10 73 3 1 1 4 8 . 9 1 0
107 4 3 6 6 1 9 . 8 4 4
10 75 4 8 9 8 9 . 3 7 9
1 0 7 6 2 9 2 2 1 . 8 7 5
1 3 7 7 2813 5 . 3 9 5
1078 5 2 6 1 7 . 4 1 0































































2 5 4 2 9 . 0 3 5  
4 0 1 S 3 . 6 C 2
2 8 6 9 6 . 9 1 8  
2 H 2 6 4 , 5 35 
4 4 5 1 2 . 0 6 6  
3 1 6 6 6 . 2 7 3  
36 49 2 .  5 66
5 6 S 7 7 , 383
2 8 5 0 1 . 3 0  4
2 7 5 6 7 . 3 3 1  
4 3 5 6 5 . 6 8 4  
3 1 0 9 9 . 9 3 0  
3 0 6 3 1 . 0 9 1
4 8 2 3 3 . 0 6 2
3 6 4 3 7 . 7 1 1  
2 3 C 9 1 . 0 3 9  
6 7 2 9 8 . 5 6 2  
1 9 4 7 4 . 57C 
1 6 8 2 1 . 3 1 6
2 8 6 9 4 . 8 5 5
2 5 9 0 5 . 6 5 2  
2 2 6 2 4 . 6 4 4  
3 7 0 5 4 . 5 4 7  
2 3 7 4 3 . 7 8 5
1 8 5 6 8 . 4 1 8
3 9 6 1 2 . 9 6 5  
17 2 9 8 . 1 2 5
1 5 6 0 8 . 6 0 5  
2 3 6 2 7 . 9 9 6  
2 t  3 5 5 . 4 6 5
1 8 4 6 2 . 6 9 9
2 7 6 0 2 . 2 0 7  
2910  1 , 6 5 2
2 2 9 2 4 . 5 5 9
4 8 3 8 3 . 5 7 4  
2 1 4 4 4 . 3 7 9  
1 9 3 8 2 . 3 9 1
2 9 4 5 8 . 5 6 6  
2510  5 . 2 3 8  
2 2 7 9 9 . 8 7 5
3 4 2 1 7 . 2 9 7  
2 6 4 3 7 . 5CB
1 9 6 0 9 . 0 2 0  
4 6 S e i . 7 3 0  
1 7 7 0 2 .  191
1 5 7 6 4 . 6 9 9  
2 4 9 9 3 . 3 2 8
2 1 6 6 3 . 6 1 7
1 9 4 5 9 . 9 7 3  
3CC 4 E .S 48
2 1 8 0 3 . 6 2 9  
1 7 4 4 1 . 9 1 4
3 5 5 7 6 . 7 1 1
1 0 4 5 7 . 1 8 4
1 4 9 2 6 . 6 9 9
2 2 4 7 8 . 3 1 2
1 9 0 5 9 . 9  30 
1 7 3 5 6 . 4 0 6
2 5 8 6 1 . 6 0 5  
2 4 J H 7 . 391 



























































3 5 7 1 4 . 5 7 4  
1 9 4 5 8 . 9PP 
1 0 7 4 0 . 6 6 4
2 5 1 9 6 . 7 3 8
2 1 3 5 3 . 1 0 9
1 9 4 5 5 . 3 7 5  
2 8 9 5 8 . 7 8 1  
3 0 9 1 9 . 6 7 6
2 2 5 6 1 . 2 8 9
5 4 8 2 8 . 0 3 1  
2 0 7 7 3 . 2 5 4  
1 H 5 9 9 . 8 1 6  
2 ° 1 9 B . 359
2 5 3 7 7 . 9 4 1
2 2 6 0 0 . 3 8 7
3 5 1 8 3 . 9 7 3  
2 5 5 8 7 . 3 9 5  
2 0 4 7 9 . 9 0 6  
4 1 7 3 5 . 5 9 8
1 9 3 2 7 . 9 9 2  
1 7 5 3 2 . 0 9 4
2 6 3 9 5 . 5 2 3  
2 2 3 7 8 . 40C
2 0 3 7 9 . 7 9 3  
3 0 3 6 0 . 8 4 4
2 8 5 7 3 . 9 4 1  
2 2 9 C8 . 1 0 2  
4 6 5 1 2 . 9 0 4  
2 1 6 3 9 . 1 6 0  
1 9 6 3 5 . 6 6 0  
2 9 5 3 4 . C90
2 5 0 2 6 . 0 7 4
2 2 7 9 7 . 3 9 8  
3 3 9 3 6 . 7C3 
2 8 3 8 3 . 2 4 2
2 0 3 6 0 . 6 5 2
5 2 1 5 9 . 6 7 9  
1 7 9 9 4 . 0 4 3
1 5 8 7 7 . 4 3 7
2 5 6 0 0 . 0 3 1
2 2 8 0 3 . 3 6 3  
2 0 1 8 0 . 3 2 4
3 1 6 7 1 . 6 4 0  
2 2 C 9 2 . 492  
1 7 5 5 4 . 6 7 2  
3 6 3 5 3 . 4 4 9  
1 6 5 9 0 . 9 6 9
1 4 9 4 3 . 6 1 7  
2 2 5 9 4 . 8 1 6  
1 9 2 9 1 . 3 4 0  
1 7 4 6 4 . 4 6 1  
26 I'j  5 . 0  12
2 5 4 3 0 . 4 1 8
2 9 2 6 8 . 5 2 7  
4 1 6 5 2 . 8 9 5  
1 9 0 0 4 . 7 7 0
1 7 2 9 4 . 6 5 6
2 6 1 0 2 . 6 4 1  
2 2 1 6 C . 4 3 0  
7'j 166 .  512
3 3 1 0 1 . 5 9 4
1202 2 9 9 1 2 . 3 1 9
1203 1 8 6 9 3 . 9 7 7
1299 9 3 8 5 7 . 6 6 1
1205 1 6 5 2 3 , 5 9 5
1 21 6 1 5 1 0 7 . OCB
12u7 2 3 7 2 C . 9 6 C
12 08 2 3 5 6 7 . 5 0 6
1209 1 8 5 0 6 . 9 2 6
1210 2 H 9 5 6 . 812
1211 2 0 6 5 6 . 9 5 3
1 21 2 1 6 7 1 7 . 1 9 1
1213 33 6 6 6 . 9 9 5
1219 1 5 7 8 8 . 3 7 5
1215 1 9 3 2 5 . 5 5 9
12 16 2 1 5 5 1 . 1 7 6
1217 1 U 2 6 3 . 5 3  9
1218 1 6 6 3 6 .  172
12 19 2 9 7 6 6 . 6 0 5
1220 23  1 6 1 . 1 7 6
1221 1 8 5 8 9 . 3 9 9
1 22 2 3 7 6 5 0 . 9 9 9
1223 1 7 5 7 C . 3 7 5
12 29 1 5 9 9 7 . 9 7 7
12 25 2 3 9 7 1 , 1 0 9
12 26 20 3 0 9 .  622
12 27 1(1500.  239
12 20 2 7 5 2 5 . 7 2 3
1229 2 7 1 9 2 . 5 9 7
12 30 2 0 3 2 1 . 9 5 7
1231 9 7 7 6 1 . 9 9 1
1232 1 3 9 5 2 . 0 9 3
1233 1 6 9 7 2 , 9 1 6
1239 2 5 8 5 7 . 6 0 5
1235 2 2 9 1 7 . 2 9 6
1 2 3 6 2( 179 .  523
12 37 3 1 0 1 1 . 9 5 3
1 23 6 2 2 7 9 2 . 6 6 9
1239 1 8 2 2 8 . 7 8 1
12 9 0 3 7 0 3 1 , 9 6 8
1291 1 7 2 1 6 . 8 2 9
12 9 2 1 5 6 2 1 . 9 5 7
1293 23 50C . 2 8 9
1299 1 9 9 1 9 . 7 8 1
12 95 1 6 1 9 0 . 5 5 5
12 96 2 7 0 u 7 . 3 6 3
1297 2 5 2 9 9 . 3 1 6
1290 20 2 6 2 . 7 2 3
1 29 9 9 1 C J 3 . 195
1250 1 9 1 5 2 . 7 8 6
1251 1 7 3 P 3 . 9 U 0
1252 2 6 1 2 9 . 2 8 5
1253 2 2 1 3 2 . 5 2 0
1259 2 0 1 6 5 . 6 3  3
1255 3 0 C O 2 . 695
1 25 6 3 2 0 5 2 . 6 9 1
1257 2 3 0 1 6 . 6 3 7
1 25B 5 8 8 9 9 . 0  90
125 9 2 0 3 5 5 . C16
1260 17966.<>35
1261 2 9 0 3 6 . 2 2 3
1262 25 5 9 7 . 6 9 5
1263 7 2 8 1 3 . 6 9 1
U M 3 5 7 8 6 . 3 7 5
12 0 5 2 9 5 9 3 . 6 6 9
1266 1906 9 . 3 2 9
1267 t t 1116 .« t37
1268 1H G7 4 . 293
126  9 1 6 5 1 2 . o 5 f i
1 27 0 2 5 5 6 6 . 6 7 2
1271 2 1 7 2 6 . 9B0
1272 1 9 7 6 2 . 4 0 6
1273 25 5 3 6 . 6 9 6
12 76 2 8 7 4 3 , 8 7 9
1275 2 2 9 1 3 . 4C6
12 7 6 4 7 1 1 5 . 3 9 8
1277 2 1 5 7 6 . 4 4 1
1278 1 9 5 5 4 . 0 9 0
1279 2 9 5 0 9 . 7 8 1
1280 2 5 0 5 1 . 5 7 4
1281 2 2 7 9 0 . 2 0 3
1282 3 4 D2 7 . C66
1283 2 8 1 0 6 , 7 4 2
1 28 6 2 1 1 9 8 , 6 0 2
1205 4 5 6 1 9 . 4 6 1
12 86 1 9 1 5 3 . 5 4 7
1207 1 7 L 9 7 . 8 0 1
1208 2 6 0 4 4 . 1 1 7
120 9 2 3 2 7 5 . 0 4 3
129C 2 0 9 4 5 . 2 8 9
1291 3 2 2 0 1 . 6 1 3
12 9? 2 366 6 . 6  52
1293 1 8 9 2 0 . 1 4 1
129 6 3 8 4 4 1 . 1 4 1
12 95 1 7 0 6 9 . 2 2 3
12 9 6 16 2 1 3 . 6 9 5
1297 2 4 2 9 1 . 3 3 2
129 8 2 0 6 7 0 , 2 6 2
12 99 1 0 8 2 8 . 5 3 1
1300 2 8 0 3 2 . 3 7 1
1301 2 6 2 1 0 . 1 1 7
1302 2 1 C 3 6 . 9 6 3
1303 4 2 6 0 5 . 7 1 5
1396 1 9 8 0 3 . 9 5 3
1 38 5 1 8 0 4 7 . 4 4 5
1306 2 7 1 2 7 . 3 2 0
130 7 2 2 9 7 0 . 2 6 2
1300 2 j 9 36 .C 4 3
13 0 9 3 1 1 4 9 . 5 0 2
1310 3 3 6 8 1 . 1 0 0
1311 2 2 9 7 3 . 8 5 2
1 31 2 5 3 9 8 2 . 5 8 6
131 3 2 : 6 6 1 . 2 0 9
1 J 1 « 1 0 6 2 4 . 2 8 5
13 15 2 9 2 3 2 . 4 4 2
1 31 6 2 5 3 4 2 . 1 6 0
131 7 2 2 6 0 7 . 2 6 2
13 10 3 5 1 5 7 . 1 4 1
13 19 2 5 7 1 2 . 3 7 9
1320 206(.l 9 .  504
1321 4 1 6 8 5 . 9 4 1
1322 1 9 4 6 5 . 6 1 3
1323 1 7 6 6 2 . 5 0 4
329 2 6 5 6 9 .  GO 2
32 5 2 2 5 1 5 . 6 3 3
326 2 0 5 3 9 . 77C
3 2 7 3 0 5 3 9 . 3 2 9
328 2 8 5 3 8 .  160
3 2 9 2 2 9 0 6 . 9 7 7
3 30 9 6 3 8 6 . 1 6 8
331 2 1 6 5 2 . 3 8 7
332 1 9 6 5 2 . 8 3 2
3 3 3 2 5 5 3 9 . 2 3 0
33 U 25  3 2 0 . 7 1 9
3 3 5 2 2 7 9 7 . 2 3 9
336 3 3 9 1 7 . 6 9 1
137 30 1 9 5 . 1 5 2
338 2 1 1 5 E . 988
339 5 G 7 3 e . 398
.390 1 8 9 0 8 . 5 2 6
3 91 1 6 1 3 0 . 6 9 5
39 2 2 6 5 5 2 . 8 0 5
393 2 3 5 7 3 . 9 5 3
399 2 0 9 5 1 . 8 9 5
3 9 5 3 3 2 6 6 . 1 2 9
3 9 6 2 2 5 5 0 . C55
3 9 7 1 7 8 2 5 . 3 8 7
3 9 8 37 3 3 7 .  383
3 9 9 1 6 7 0 6 . 9 6 9
3 50 1 5 1 1 2 . 9 5 7
351 2 2 9 2 C . 9 8 0
352 1 9 5 1 1 . 5 5 1
353 1 7 7 3 0 . 5 9 0
359 2 6 5 6 6 . 6 1 7
355 26 EC 8 . 1 3 3
3 56 2 1 3 9 3 . 9 5 7
357 9 3 6 6 8 . 8 5 2
35U 1 9 7 6 9 . 9 7 7
3 5 9 1 7 9 C 0 . 3 0 5
3b0 2 7 0 8 0 . 5 3 1
361 2 3 0 2 0 . 9 6 6
362 2 0 9 3 9 . 6 3 3
363 3 1 3 0 5 . 7 3 0
3 6 9 2 5 3 2 3 . 9 5 3
365 1 8 e 9 b . 7 7 0
366 9 9 7 1 8 . 1 7 6
367 1 7 1 2 2 . 9 7 7
3 68 1 5 2 7 3 .  169
365 2 9 0 2 8 . 0 9 0
37C 2 0 8 5 5 . 2 9 7
371 1 8 7 5 7 . 3 5 5
3 7 2 2 9 8 7 9 . 6 9 5
373 2 1 0 9 8 . 9 7 3
3 79 16 9C C , 0  56
3 75 3 9 3 8 1 . 2 8 1
37b 1 5 9 5 6 . 2 9 6
3 77 1 9 9 7 6 .  1C2
378 2 1 7 8 9 . 7 9 2
375 1 8 9 6 9 . 7 9 7
3 80 1 6 8 1 7 . 8 9 1
381 2 5 C 9 5 . 6 0 2
382 2 3 9 8 3 . 7 1 9
383 1 9 8 3 9 . 7 5 9
389 18 1 9 6 , 8 1 6
13 85 1 7 0 0 2 . 1 0 5
1 136 1 6 1 5 6 . 1 4 1
130 7 2 4 2 9 1 . 4 0 2
1380 2 0 5 7 9 . 3 4 4
1 38 9 1 8 7 4 8 . 7 5 0
1390 279 0  1 . 5 0  4
1391 2 8 2 4 8 . 8 4 8
1 39 2 2 1 0 9 7 . 7 6 2
1 39 3 4 9 8 3 9 . 2 6 2
1 394 1 9 1 2 7 . 3 9 5
1 33 5 1 7 0 6 4 . 8 2 8
1 34 6 2 6 8 3 1 . 3 7 1
1 34 7 2 1 2 0 1 . 5 1 6
13 90 2 0 9 4 2 . 7 8 1
13S9 3 2 2 3 1 . 2 9 3
1 40 0 2 3 5 7 0 . 0 0 0
1401 1 8 6 8 2 . 8 0 3
1402 38 47  1 . 0 6 2
14C3 1 7 6 2 9 . 9 5 3
1404 1 6 1 7 6 .  5 9 4
1 40 5 2 4 3 4 1 . 4 2 6
1406 2 0 6 3 0 . 7 5 0
1 43 7 1 0 7 9 1 . 1 0 0
1 40 0 2 7 9 8 2 . 1 4 8
14C9 2 6 2 1 6 . 1 8 0
14 10 2 1 0 3 4 . 3 4 4
14 11 4 2 6 3 3 . 9 6 4
14 12 1 9 8 7 7 . 7 5 0
1413 1 0 9 4 0 . 4 1 4
1414 27 1 2 2 .  301
1415 2 2 9 7 6 . 6 0 5
14 16 2 0 9 3 3 . 2 6 6
141 7 3 1 1 5 0 . 4 0 8
141 0 2 7 2 1 0 . 7 8 9
1 41 9 1 9 6 2 5 . 6 5 2
1420 4 9 7 4 0 . 9 3 9
1421 1 7 4 C 6 . 0 7 4
1422 1 5 3 8 2 . 5 1 2
1423 2 4 7 0 1 . 5 0 0
1424 2 1 7 6 9 . 7 5 0
1425 19 4 5 6  .(190
1426 3 0 4 5 3 . B16
1 42 7 2 1 3 0 1 . 5 7 4
1420 1 7 3 0 9 . 4 3 0
1429 3 5 1 3 4 . 7 1  1
14 10 1 5 9 9 8 . 7 1 1
1431 1 4 4 9 2 . SCP
1432 2 1 0 9 7 . 7 5 0
1433 1 R 6 0 1 . 9 6 9
1434 1 6 9 2 2 . 7 0 3
1435 2 5 2 0 1 . 7 1 1
14 36 2 4 4 9 5 . 4 6 5
14 37 1 9 5 4 1 . 1 3 3
1430 4 0 1 1 5 . 7 7 7
1 43 9 1H4 0 0 . 4 . 1 7
1 44 C 1 6 6 0 5 . 7 5 8
7441 2 5 1 7 C . 1 4 1
1442 2 1 3 6 2 . 4 4 1
144 3 1 9 4 4 3 . 3 7 9
1444 290  1 0 . -I 3 5
,1445 2 4 1 3 2 . 8 5 5
1996





1 9 5 2  
19  53 
19 59
1 9 5 5
1 9 5 6
1 9 5 7  
1U5B
1 9 5 9
1 9 6 0
196 1  
19 62 
1 9 6 3  
1 9 6 9
1 9 6 5
1 9 6 6
1 9 6 7
1 9 6 8
1 9 6 9
1 9 7 0
1971
1 9 7 2
1 9 7 3  
1 9 7 9  
1 9 7 5  
11*76 
1*977 
1 9 7 9
1 9 7 9
1 9 8 0
1 98 1
1 9 8 2
1 9 8 3  
1 99 9
1 9 8 5
1 9 8 6  
1 9 9 7  
1 9 8 8  
1 9 9 9  
199C
1 99 1
1 9 9 2  
19 S3 
19 99  
1 9 S 5  
19 96 
1 9 S 7  
1 99fi 
1 9 9 9
15 00
1 5 0 1
1 5 0 2
1 5 0 3  
1 5 0 9  
15 35 
15 36
1 8 0 7 2 , 2 6 2  
9 2 9 5 6 . 6 9 1
1 6 9 1 1 . 9 1 0
1 9 6 5 1 . 9 3 9  
22 9 5 6 . 6 3 9  
1 9 9 3 5 . 0 1 2
1 7 9 9 1 . 2 8 5
2 7 5 7 6 . 3 9 8
2 0 2 2 7 . 0 7 5  
1 6 2 1 3 . 7 5 9  
3 2 9 3 5 .  102 
1 5 3 1 9 . C09
1 3 0 9 5 . 5 1 6  
2 u 9 0 2 . 7 1 5
1 7 7 1 3 . 2 9 7  
16 1 3 5 . 2 9 7  
2 9 0 2 1 . 5 9 7
2 2 9 9 9 . 1 9 1
1 8 0 1 9 . 7 3 0  
3 6 9 8 6 . 3 0 9
1 7 0 3 2 . 9 9 9  
1 5 9 6 0 . 0 9 7  
2 3 2 3 7 . 0 3 9
1 9 6 8 2 . 9 9 9
1 7 9 3 3 . 9 1 0
2 6 6 8 1 . 3 9 9  
26 1 5 3 . 9 9 1  
1 9 5 9 2 . e 7 9
9 5 9 9 9 . 6 8 0
1 7 7 9 6 . 2 1 1
1 5 0 0 9 . 7 6 2  
2 9 9 3 2 . 7 5 8  
2 1 6 1 1 . 2 2 3
1 9 9 5 1 . 1 9 1  
2 9 0 9 1 . 8 7 9
2 1 9 3 5 . 3 9 8
1 7 5 8 3 . 6 9 8
3 5 7 1 2 . 2 8 1  
1 6 6 C 8 . 5 0 6
1 5 0 7 0 . 3 9 9  
2 2 6 6 9 . 0 5 9  
1 9 2 0 9 . 7 0 3  
1 7 9 9 0 . 6 1 3  
2 6 C 5 C . 3 9 B
2 9 3 3 6 . 9 3 9
1 5 5 3 6 . 1 8 9
3 9 5 5 3 . 8 9 0  
1 8 9 6 6 . S57
1 6 7 6 1 . 0 9 0  
2 5 1 9 2 , 8 2 8
2 1 3 3 8 . 6 6 8
1 9 9 9 2 . 6 9 8
2 0 9 2 5 . 7 9 6  
2 9 2 0 9 . 1 7 6
2 1 1 3 0 . 2 1 5  
5 3 5 2 6 . 9 6  5 
10 79 3 .  352
1 6 5 6 6 . 5 1 6
2 6 6 0 2 . 9 0 9
2 3 9 3 7 . 5 5 9  
































































2 3 0 20 .8 20  
18217 .637  
378 32. 50 8 
17229.707
15607 .797  
23 5 8 2 .1 6 8
20032 .5 16
18220.281
27225 .5 35  
26372 .2 39
2 103 9 .2 15  
0 3 1 8 7 . to e
1 982 0,137
179 65 .5 16  
27 C 9 9 .9 0 1 
23C.0C.02C 
20 9 30 .070
3 1 233. 009
259 89 .6 01  
19062 .578
05 7 20. 090  
17670 .277
15779.5 35  
2 0 7 6 5 . 3C5
2 1 068. 531  
19321.551
296 97 .0 26
217 80 .0 80
17061.559  
3 50 6 9 .3 0 0  
1609 2 . 6 0 2
10960.973
2 2 5 1 1 .0 0 2
19 076.080
17377.0 78  
2 5 e 7 C . 168




1 664 9.089  
25 0 2 0 .7 0 2
2 1 196. 656  
19313.070
2 8 733. 699
2 8 158. 250
21 0 90. 939
09 5 18. 129
19160,836
17158 .312  
26800 .3 32  
232 67 .9 26
209 02 .3 52
321 83 .1 25
2 3 6 1 7 . 0 8 0
1 8 9 3 2 . 1 0 9  
3 R 0 5 C . 570
1 7 8 8 2 . 2 3 0
16226 .125





1 5 7 2
1 57 3
1576


















1 5 9 3
1 59 6
1 5 9 5
15 96
15 97
1 5 9 8










1 6 9 9
16 10-
16  11
16 t i ­

















2 0 6 0 2 .  800
1 0 0 0 0 . 5 5 5  
28 'JOB, 0 0 7  
2 6 2 C 2 . 6 0  5
2 1 0 3 3 . 9 1 8
0 2 5 0 5 . 0 0 1  
1 9 0 0 2 . 7 6 6  
1 0 C 0 6 . 910  
27 12 0 .  226  
2 2 9 7 0 . 5 7 0
2 9 9 3 3 . 2 1 1  
31 10 3 .  2 5 e
3 2 0 6 0 . 3 7 5
2 3 0 0 2 . 0 0 6
6 1 7 3 5 . 6 0 0  
2 ' j i : 5 J . e 9 1  
1 7 5 7 0 . 5 2 0  
2 0 9 1 9 , 0 5 3
2 5 6 7 0 . 2 0 2  
2 2 0 1 7 . 50C 
3 6 2 2 0 , 1 2 1  
2 0 5 6 6 . 1 8 7  
1 9 0 2 1 .  162  
OG 6 7 0 . 6 2 5  
1H 20 3.  6 17
1 6 0 6 6 . 6 0 1
2 0 9 7 3 . 3 2 0  
2 1 2 5 7 , 9 0 2
1 9 3 1 7 . 0 7 9  
2 8 9 0 3 . 5 0 2
2 0 9 6 6 . 2 3 8  
2 2 9 1 7 . 2 1 9
0 7 5 0 9 . 1 0 8  
2 1 5 3 1 . 27C 
1 9 0 9 5 . 3 6 7
2 9 0 9 2 . 2 5 0  
2 5 ) 6 9 . 9 3 0  
2 2 7 9 8 . 7 7 3
3 0 0 9 2 . 1 2 9
2 7 5 8 9 . 7 9 7  
20 5 0 9 . 1 3 3
0 9 7 1 7 . 3 2 0  
1 B 6 5 7 .  156
1 6 6 0 1 , 8 5 5
2 6 1 8 3 . 3 2 0  
2 2 7 2 2 . 8 8 7
2 0 0 3 7 . 2 8 5
3 1 0 6 5 . 3 6 3
2 2 9 8 0 . 9 6 5
1 8 0 1 0 , 5 6 6  
37 0h 1 . 0 0 9
1 7 3 0 6 . 2 8 1
1 5 7 7 3 . 5 2 3
2 1 7 3 7 . 3 3 1  
20 1 1 9 . 5oO 
1 8 3 2 5 . J 3 9  
27 2U9 . 9 0  1
2 5 5 8 6 . 7 1 5  
20 6 2 6 . 6 3 7  
« 1 t 1 6 . 9 1 0  
19 3 ) 6 . 6 9 0
If) 2 9 1 7 6 0 3 , 2 4 2
16 3C 2 6 4 6 7 . U 12
1611 2 2 4 2 2 . 4 2 6
1632 2 0 4 2 7 . 91B
1 6 J 3 3 0 4 0 0 . 2 0 5
16 36 3 0 7 6 2 . 7 3 8
1 63 5 2 2 8 7 6 . 3 7 9
1 63 6 5 4 2 7 1 . 7 5 8
16 37 20 0 3 1 , 1 0 4
16 38 1 0 5 8 5 . 1 2 9
1 6 3 9 2 9 2 2 0 , 0 2 4
16 40 2 5 3 5 4 , 3 9 8
164 1 228C 7 , 6 4 8
16 42 3 5 1 0 0 . 5 2 3
1643 2 5 6 6 9 . 6 3 3
16 44 2 0 5 6 5 . 1 9 1
164 5 • 4 1 8 2 1 . 3 7 1
1 64 6 1 9 4 1 0 . 5 4 7
1 6 4 7 1 7 6 1 7 . 8 9 0
1 6 4 0 2 6 5 1 0 . 0 6 2
16 49 2246  E• 7 2 7
16 50 2 C 4 6 5 . 316
1651 3 0 4 7 4 . 9 9 2
165 2 2 8 5 5 0 , 3 9 0
165 3 2 2 9 0 7 . 3 6 3
16 54 4 6 4 2 9 . 5 4 7
1 6 5 5 2 1 6 4 7 , F67
16 56 1 9 6 4 6 . 9 5 7
1657 2 9 5 3 7 . 4 6 9
165B 2 5 0 2 2 . 5 5 1
16 59 2 2 7 S 7 . 2 S 7
16 60 3 3 9 2 4 . 1 7 6
1661 2 9 6 4 6 . 3 0 5
16 62 2 1 3 8 3 . 5 7 4
1 66 3 54 19 0 .  262
1664 1 8 9 G 5 . 6 2 9
16 65 1 6 7 6 1 . 0 2 0
1666 2 7 C 3 1 . 2 7 0
16 67 2 3 7 1 9 . 3 ) 1
1 6 6 8 21 1 9 0 . 6 5 2
1 6 6 9 3 3 1 8 C . 5 2 3
16 70 2 3 2 9 7 , 4 4 5
1671 1 8 5 3 3 . 7 2 7
167 2 3 8 2 8 2 . 4 0 6
1673 1 7 4 3 2 . 5 5 5
167 4 1579  1 , 4 0 2
1 6 7 5 2 3 E 6 C . 195
16 76 20 2 6 8 . 9 6  5
167 7 1 8 4 3 9 . 2 4 2
167 8 2 7 5 4 7 . 2 7 7
1679 2 6 6 8 9 . 1 4 1
1600 2 1 2 9 1 . 3 1 2
1601 4 3 7 0 7 . 0 5 2
16 82 2 J 0 5 7 . 270
1603 1 8 1 9 0 . 3 2 4
1684 2 7 4 2 4 . 5 1 2
1 bfl5 2 3 2 7 5 . 7 2 7
1686 2 1 1 8 4 . 8 2 0
1687 3 1 6 6 6 .  168
16 08 26 29 5 . 4 0 5
1 6 8 fl 1 9 6 9 1 . 0 0 3
216
h^C’ 9 6 2 6 1 . C'CB
6<n 1 7 0 0 2 . 2 5 9
6 92 1 5 9 6 5 . 1 2 5
6 9 3 2 5 C S 6 . 9 6 9
699 2 1 7 2 1 . 5 5 5
695 1 9 5 9 9 . 1 0 3
696 3 0 0 9 7 . 6 9 5
GST 2 2 O 9 C .7 0 9
6 90 1 7 6 6 6 . 9 2 6
6 9 9 3 5 6 0 6 . 0 9 9
7 30 1 6 6 8 6 . 5 3 9
731 1 5 1 9 C . 9 2 6
732 2 2 7 7 6 . 1 3 7
7 Q 3 1 9 3 0 0 . e e a
70U 1 7 5 8 1 . 9 9 1
705 2 6 1 7 9 . 9 0 9
706 2 9 9 6 1 . 0 6 0
7 07 1 9 6 3 9 . 6 5 2
7 0 8 3 9 7 5 0 . 2 9 3
7C9 1 8 5 5 9 . 9 5 3
7 1 0 1 6 0 9 5 , 5 8 6
711 2 5 3 1 9 . 5 9 3
71 2 2 1 9 9 6 . 3 8 7
713 1 9 5 9 C . 6 0 2
71 u 2 9 6 7 2 . 25C
7 15 2 8 9 9 6 . 2 9 2
716 2 1 3 9 7 . 6 9 5
7 1 7 5 0 1 1 3 . 6L5
710 19 3 9 0 .  176
719 1 7 3 1 2 . 9 9 6
72 0 2 7 1 6 5 . 0 7 9
721 2 3 5 9 6 . 7 8 5
722 2 1 1 9 3 . 2 0 1
7 23 3 2 5 6 9 . 6 2 3
7 29 2 3 9 C 0 . 121
7 26 1 9 1 5 6 . 5 9 0
726 3 8 9 1 0 . 9 9 6
727 1 8 0 9 6 . 1 1 7
7 2 0 1 6 9 2 0 . 1 9 5
7 2 9 2 9 G 9 S . 5 1 2
7 3 3 2 0 9 1 0 . 2 0 5
731 1 9 0 6 5 . 9 9 9
7 32 2 8 3 8 3 . 6 9 1
7 33 2 6 5 1 6 . 6 2 5
73 9 2 1 2 0 5 . 9 3 7
7 35 9 3 0 9 6 . 3 5 2
7 3 6 20 1 2 0 . 9 9 9
7 37 1 8 2 6 3 . 1 1 7
7 3 0 2 7 9 9 9 . 2C 3
739 23 2 9 S  . 8 9 0
790 2 1 1 8 9 . 0 1 6
791 3 1 5 1 6 . 9 9 5
792 3 1 9 9 5 . 7 0 3
79 3 2 3 9 1 1 . 7 9 2
799 5 0 2 0 7 . 0 0 9
7 9 6 2 r‘9 l  2 . 9 5  3
796 1 8 3 9 1 . 3 6  3
797 2 9 0 5 0 . 6 7 2
7 99 25  52 4 . 3 5 2
799 2 2 6 1 2 . 9 5 3































































2 5 0 7 5 . 91C 
1 9 9 9 9 . 5 9 0
9 1 2 0 2 . 1 8 9  
1 8 7 6 9 . 9 3 6  
1 6 S 9 8 . 9 5 3  
2 t' 6 R 2 .  203
2 1 8 1 7 . 2 3 9  
1 9 e 9 7 . 9 Z 6  
2 9 6 5 C . S 9 2
2 8 7 2 0 . 3 5 2
2 2 9 1 2 . 6 6 8
0 7 0 3 1 . 9 0 9
2 1 5 8 5 . 1 2 9
1 9 5 6 5 . 3 9 8
2 9 5 1 3 . 1 2 9  
2 5 C 9 8 . 0 9 7  
2 2 7 9 8 . CP6
3 9 0 1 9 . 5 5 5  
2 8 3 0 3 . 5 7 7
2 1 1 9 6 . 6 0 5  i
9 9 7 9 3 . 0 2 0
1 9 2 9 9 . 0 0 3  
1 7 1 8 5 . 5 0 9
2 6 9 7 1 . 8 2 0
2 3 3 8 1 . 2 8 5
2 1 0 9 3 . 0 2 7
3 2 3 0 3 . 2 8 9
2 3 7 2 5 . 080  
1 9 0 1 7 . 0 1 8
3 8 6 2 9 . 6 0 5
1 7 5 6 2 . 1 3 7
1 6 2 9 8 . 3 8 7
2 0 5 1 7 . 2 0 3
2 0 7 7 6 . 2 2 7
1 0 9 2 5 . 3 9 8
2 8 1 7 5 . 2 2 7
2 6 3 3 0 . 0 6 2
2 1 1 3 5 . 0 2 7  
0 2 7 9 5 . 9 7 7
1 9 9 7 7 . 7 1 5
1 8 1 3 2 . 8 9 0  
2 7 2 5 0 . 3 5 9  
2 3 0 e 5 . 1 9 9
2 1 0 3 3 . 7 9 3  
• 1 2 9 3 . 7 2 3
3 0 6 6 5 . 9 8 0
2 2 9 7 3 . 3 5 5
5 3 9 2 6 . 9 8 0
2 0 6 6 7 . 0 9 0
1 8 6 3 1 . 0 0 9
2 5 2 3 0 . 7 3 8
2 5 3 3 9 . 8 1 2  
2 2 0 0 7 , 1 9 5  
3 5 0 0 8 . 7 5 7  
2 5 7 2 0 . 6C5
2 0 6 1 8 . 0 3 5
0 1 8 7 0 . 5 2 7  
13 07 0 . 6 6 0
1 7 6 7 1 . 0 8 2  
2 6 5 8 1 . 0 5 1
2 2 5 2 0 . 6 6 9
1812 2 0 5 1 0 . 3 1 6
1813 3 0 5 4 5 . 7 3  C
1814 2 0 5 3 5 . 8 0 9
1815 2 2 9 0 6 . 9 1 6
181 6 66 3 7 7 .  820
1817 2 1 6 5 3 . 2 5 0
1818 1 9 6 5 3 . 9 6 9
1819 2 9 5 3 9 . 5 5 1
1829 2 5 2 2 7 . 3 6 7
1821 2 2 7 9 7 . 23C
1822 339 16.  661
1R2 3 3 3 1 7 2 . 3 5 5
1829 2 2 6 0 6 . 6 7 7
1825 6 6 6 1 6 . 1C5
1826 1 H 9 9 8 . 596
1827 1 6 6 5 1 . 6 7 7
1B2B 2 7 3 9 0 . 7 7 3
1529 2 5 1 C 8 . 166
18 30 2 2 1 5 6 . 8 8 3
1831 3 5 6 3 2 . 5 5 1
18 32 2 3 1 8 2 . 6 2 6
1833 1 8 1 6 3 . 6 3 7
18 36 3 8 7 0 6 . 5 3 1
1835 1 6 9 3 9 . 1 9 5
IB 16 1 5 2 9 1 . 6 2 6
1017 2 3 3 1 6 . 9 1 6
19 38 1 9 9 0 6 . 6 6 9
1839 1 8 0 6 1 . 6 2 6
I 8 6 0 27 1 7 6 . 0 3 5
1861 2 6 2 1 C . 5 2 0
1 86 2 2 2 2 5 1 . 6 7 6
1863 6 6 8 2 9 . 6 2 1
1866 2 0 B 3 0 . 266
1365 1 8 8 3 2 . 9 3 0
1866 2 8 C 0 C . 93 7
186 7 2 6 3 6 3 . B91
1868 2 21 3  1. 6 5 2
196 9 3 3 1 9 6 . 2 8 9
1950 2 5 8 5 1 . 1 0 2
1851 1 9 1 9 6 . 5 6 6
1852 6 5 P 8 8 . 6 6 0
1853 1 7 3 3 9 . 6 0 6
1 856 1 5 6 6 6 . 0 5 9
‘ 1955 2 6 3 8 2 . 2 1 9
1856 2 1 1 9 9 . 6 7 7
1657 1 9 C 6 9 . 6 3 7
1850 2 9 3 9 9 . 7 7 3
1859 2 1 3 5 5 . 9 7 3
1860 1 7 0 8 9 . 7 3 6
1861 3 6 8 0 2 . 1 6 0
186 2 1 6 1 2 6 . 7 5 6
1863 1 6 6 2 7 . 6 6 6
1866 2 2 6 2 5 . 3 0 5
1865 1 8 6 7 6 . E3S
1866 1 7 0 0 6 . 0 7 6
1967 2 5 3 3 7 . 1 5 2
1868 2 3 0 6 8 . 7 3 8
1869 1 9 1 3 2 . 7 1 9
1R70 388 6 1.  60B
1371 1 8 C 7 1 . 2 8 5
1B72 1 6 3 9 7 . 5 1 2
219
1873 2 9 6 6 5 . 9 9 9
1870 2 0 9 0 2 .  121
187 5 1 9 0 9 0 . 1 9 8
1876 2 8 3 9 5 . 7 9 6
1877 2 8 8 8 8 . 1 0 2
1878 2 2 3 0 7 . 1 2 5
1879 53 13G. 7  11
19B0 2 0 1 7 9 . 0 5 1
1881 1 7 5 7 9 . 7 7 0
188 2 2 8 3 9 6 . 5 0 9
1803 2 0 6 3 C . 5 1 6
188 0 2 2 1 3 9 . 9 8 0
10 85 3 9 1 3 9 . 0 0 1
189 6 2 0 B 5 1 . 113
1 08 7 1 9 8 9 3 . 7 7 3
1 88 8 0 0 5 2 6 . 7 5 9
1009 1 8 7 7 6 . 9 7 3
1890 1 7 0 3 2 . 0 2 2
1091 2 5 6 0 0 . 8 0 0
18 92 2 1 7 3 7 . 5 3 1
18 93 1 9 7 9 6 . 6 2 9
18 99 2 9 0 8 9 . 9 2 6
1 88 5 2 7 7 3 2 . 8 7 5
1 89 6 2 2 2 3 6 . 7 7 3
1 88 7 9 5 1 3 6 . 5 2 3
18 90 2 1 0 0 6 . 5 6 6
1899 1 9 C 6 2 . 1 7 6
1900 2 0 6 6 9 , 2 0 9
1 9 0 1 2 0 2 9 2 . 2 0 6
190 2 2 2 1 2 9 . 9 2 6
190 3 3 2 9 0 C . 312
190 9 2 7 7 5 7 . 9 0 6
1 90 5 1 9 9 3 1 . 1 7 6
190 6 5 0 9 6 3 , 2 1 5
1 90 7 1 7 6 2 5 . 50E
1900 1 5 5 5 6 . 5 5 5
190 9 2 5 1 0 3 . 0 0 2
19 10 2 2 1 2 3 . 3 5 2
1911 1 9 7 5 5 . 3 7 5
19 12 3 0 9 9 0 .  105
191 3 2 1 6 9 1 . 9 8 8
191 9 17 2 0 0 . 2 3 0
191 5 3 5 6 0 3 . 3 0 9
1916 1 6 1 6 9 . 6 5 6
1917 1 0 6 0 0 . 2 3 8
1918 2 2 1 3 9 . 9 8 0
1919 1 8 8 1 3 . 1 2 5
1920 1 7 1 1 1 . 9 6 5
1921 2 5 5 7 5 . 7C3
1922 2 0 e 9 G . 9 1 O
1023 1 9 8 0 1 . 7 2 3
19 29 001300.00 2
192 5 1 8 6 8 3 . 8 7 1
1 92 6 16 9 3 2 , 5 9 0
1927 2 5 5 5 3 . 7 5 0
1928 2 1 6 9 3 . I v 1
1 92 9 1 9 7 0 1 . 9 0 S
1930 2 9 0 6 5 , 6 9 1
1931 2 0 0 C P . 399
19 32 1 8 2 6 8 . 8 7 1
1 9 J 3 0 2 9 6 5 , 2 9 1
m u
1 9 3 5
1 9 3 6
1 9 3 7
19 38
1 9 3 9
1 9U0
19U1
1 9 4 2
19U3
1944
1 9 4 5
1 9 4 6
1 9 4 7
1 9 4 8
1 9 4 9
1 9 5 0
1951
1 9 5 2
1 9 5 3
1 9 5 4
1 9 5 5
1 9 5 6
19 5 7











1 9 6 9
1 97 0
19 71
1 4 7 2
1 9 7 3
1 9 7 4
1 9 7 5
1 97 6
1 9 7 7
1 97 8
1 9 7 9
19 80
1981
1 9 9 2
19 83




1 9 9 8




1 9 9 3
1 4 9 4
220
1 6 5 6 4 . 5 9 4
1 4 6 0 4 . 5 3 1
2 3 2 4 3 . 7 6 2  
2 0 1 5 3 . 4 3 , 7  
1 8 1 1 6 .  117 
2 7 E 8 2 . 8 7 5
2 0 4 4 0 , 4 1 8  
1 6 3 8 2 . 4 6 5
3 3 2 8 5 . 2 9 3  
1 5 4 7 2 . 4 8 4
1 4 0 3 9 . 0 0 4
2 1 1 1 9 . 8 1 2
1 7 6 9 7 . 8 5 5  
1 6 3 0 3 . 1 3 3
2 4 2 7 2 . 5 2 3  
2 2 6 9 4 . e55  
1 8 2 1 5 . 4 1 0  
3 6 6 9 1 . 5 8 2
1 7 2 1 7 . 1 0 9
1 5 6 2 6 . 9 1 0
2 3 4 8 8 . 9 9 2  
1 9 8 9 6 . 4 2 6  
1 8 1 2 8 . 1 0 5
2 6 9 7 1 . 8 1 2
2 6 5 6 0 . 3 8 3
1 9 8 9 4 . 0 6 2
4 6 7 4 6 . 6 2 9
1 8 0 6 4 . 6 2 5
1 6 1 2 7 . 4 7 7
2 5 3 1 3 . 6 5 2  
2 1 9 4 4 . 9 2 2  
1 9 7 4 9 . 8 0 5
3 0 3 5 7 . 6 4 1
2 2 2 6 5 , 3 5 5
1 7 8 4 6 . 5 5 5  
3 6 2 5 3 . 4 1 6  
1 6 8 5 5 . 9 8 8
1 5 2 9 4 . 6 6 9
2 3 0 0 7 . 6 0 2  
1 9 4 9 7 . 1 4 8
1 7 7 6 0 . 1 8 4
2 6 4 4 0 . 8 3 6
2 4 7 1 2 . 4 7 7  
1 9 8 3 6 . 1 5 6  
40 1 6 7 . 9 2 2
1 8 7 4 9 . 7 3 0
1 7 0 1 8 . 2 3 0
2 5 5 7 9 . 2 9 7
2 1 6 6 6 . 5 3 1  
1 9 7 4 1 . 1 1 7  
29  3 7 0 . 8 2 0  
3 1 0 8 7 . 8 5 9
2 2 3 4 1 . 4 3 7  
5 7 C 2 9 . 0 9 4
1 9 7 6 0 . 0 8 2  
1 7 4 5 1 . 5 3 7  
28  169 .  113  
2 4 7 9 5 . 4 0 8  
2 2 1 4 5 .  1 13
3 4 7 2 4 . 2 0 7  
2 4 2 7 4 . 7 0 9
221
1 99 5 1 9 2 9 6 . 2 3 9
1996 3 9 9 2 ' : . 7 9 2
1997 1 0 1 9 1 . 9 1 8
1990 1 6 9 3 1 . 1 2 1
19 99 2 9 6 3 8 . 2 1 1
2 00 0 2 1 1 0 5 . 1 2 5
2001 1 9 1 9 7 . 3 3 6
2 0 0 2 2 0 6 9 C . O 7 8
2 0 0 3 2 7 6 9 7 . 8 9 8
200 9 2 2 2 9 1 . 9 1 0
2 0 0 5 9 5 7 2 1 . 2 8 9
2 0 0 6 2 0 9 9 5 . 6 7 6
2CC7 1 8 5 8 3 . 0 0 0
200B 2 8 6 9 5 . 6 8 7
2 0 0 9 2 9 3 1 6 . 9 8 9
2 0 1 0 2 2 1 3 0 . 1 8 7
201 1 3 3 C 2 8 . 0 2 7
2 01 2 2 7 3 8 1 . 6 2 9
2 0 1 3 2 C 9 9 6 . 9 1 9
2 0 1 9 9 8 1 9 3 . 9 5 3
2015 1 0 6 0 7 . 9 9 1
2 01 6 1 6 6 1 1 . 1 5 2
2 0 1 7 2 6 0 7 8 . 9 3 7
2 0 1 8 2 2 6 1 0 . 9 9 1
2 0 1 9 2 0 3 9 7 . 5 6 2
2 0 2 0 3 1 2 8 1 .  262
2021 2 2 9 3 9 . 3 6 3
2 3 2 2 1 8 3 6 1 . 6 6 9
2 0 2 3 3 7 3 9 5 . 5 7 0
2 0 2 9 1 7 3 6 0 . 0 2 0
2 0 2 5 1 5 7 5 2 . 9 6 1
20 26 2 3 6 9 7 . 2 1 5
2 02 7 2 0 0 8 1 . 9 3 0
2 0 2 8 1 8 2 9 2 . 6 7 6
2 0 2 9 2 7 2 3 9 , 3 9 9
2 0 3 0 2 5 9 6 1 . 7 5 9
20 31 2 0 9 3 6 . 5 2 0
2 0 3 2 9 1 3 8 0 . 9 5 7
2 0 3 3 1 9 3 1 6 . 6 7 2
20 39 1 7 5 3 2 . 6 1 3
2 0 3 5 2 6 3 5 3 . 2 2 3
20 36 2 2 3 2 2 . 9 5 3
2 0 1 7 2 0 3 3 0 . 57C
2 0 3 8 3 0 2 6 0 . 9 5 3
20 39 2 9 7 7 9 . 6 9 5
23 90 2 2 3 0 0 . 6 2 5
2091 523 91  . e l 6
2 09 2 2 0 2 5 1 . 0C0
2 0 9 3 1 0 0 7 9 . 8 2 0
2 0 9 9 2 0 3 7 6 . 3 9 0
2 0 9 5 2 9 5 9 9 . 2 5 0
2 3 9 6 2 2 1 3 0 . 9 9 6
2 0 9 7 3 9 C 2 P . 6 1 7
2 0 9 8 2 9 9 6 0 . 3 9 9
2 0 9 9 2 0 C 0 7 . 0 9 3
2 3 5 3 9 0 6 9 0 . 6 6 9
20 51 1 8 6 9 6 . 7 9 2
2 0 5 2 1 7 1 9 6 . 3 9 1
2 0 5 3 2 5 7 9 2 . 9 7 3
2 0 5 9 2 1 0 5 7 . 9 0 2
2 0 5 5 1 9 9 1 0 . 2 1 9
2 0 5 6 2 9 6 6 1 . 5 0 8
2 0 5 7 2 7 7 C 1 , 6CS
2 0 5 0 2 2 2 3 5 . 7 8 6
2 0 5 9 6 5 0 2 5 . 6 8 7
2 06 0 2 1 0 1 0 . 1 1 3
2 061 1 « C 7 7 . 195
2 0 6 2 2 H 6 7 3 . 781
2 0 6 3 2 6 2 0 7 , 5 5 1
2 96 6 2 2 1 2 9 . 2 6 6
2 0 6 5 3 2 6 2 3 . 6 9 5
2 0 6 6 2 9 5 3 3 . 5 7 8
2 0 6 7 2 0 7 1 3 . 0M3
2 0 6 8 5 5 6 5 C , 176
2 0 6 9 1 8 C 3 2 . 0 9 6
2 0 7 0 1 5 8 0 6 , 7 3 8
2071 2 5 9 9 8 . 7 3 8
2C72 2 3 C 7 6 . 0 5 1
20 73 2 0 5 1 1 . 5 0 0
2 0 7 8 3 2 5 5 2 . 7 6 2
2 0 7 5 2 2C 9C .6 1C
2 0 7 6 1 7 6 6 5 . 5 3 9
2 0 7 7 3 6 5 6 7 . 6 3 3
2 0 7 8 1 6 3 7 1 . 5 3 5
2 0 7 9 16 6 0 9 . 7 0 7
20 80 2 2 6 5 9 . 1 0 2
2081 1 9 1 1 7 . 1 2 5
2 0 8 2 1 7 3 7 2 . 7 7 7
2 0 8 3 2 6 0 2 8 . 0 0 2
2 0 8 6 2 5 9 6 7 . 0 6 2
2 0 8 5 2 0 6 0 1 . 1 6 5
2 0 8 6 6 2 7 3 6 . 8 9 6
2 0 8 7 1 9 3 5 6 . 0 6 7
20 08 1 7 5 2 6 . 1 0 9
2 0 8 9 2 6 5 1 2 . C55
2 0 9 0 2 2 5 3 6 . 0 6 6
20 91 2 0 6 9 6 . 7 1 5
2 0 9 2 30 6 6 5 . 7  37
2 0 9 3 2 6 8 1 1 . 2 1 5
2 0 9 6 1 8 5 1 6 .  60 2
2 0 9 5 6 3 8 0 8 . 6 6 5
2 0 9 6 1 6 7 7 9 . 6 6 0
2 0 9 7 1 6 9 6 7 . 3 6 7
2 0 9 8 2 3 5 6 5 . 2 2 7
2-399 2 0 6 3 5 . 6 0 2
2 1 0 0 1 8 3 8 0 . 0 7 0
2 10 1 2 8 2 9 7 . 3C9
2 1 0 2 2 0 6 7 5 . 6 6 1
2 1 0 3 1 6 5 6 1 . 7 1 9
2 1 0 6 3 3 6 9 1 . 3 6 3
2 1 0 5 1 5 6 3 6 . 9 9 6
2 1 0 6 1 6 1 8 6 . 5 3 1
2 1 0 7 2 1 3 6 0 . 6 9 5
2 1 0 8 1 8 1 9 5 . 3 9 6
2 1 0 9 1 6 6 8 1 . 2 0 3
2 1 1 0 2 6 5 6 3 . 9 7 7
2 11 1 2 3 0 1 C . 9 5 7
2 1 1 2 1 8 6 6 0 , 6 2 6
2 1 1 3 3 7 6 2 7 . 0 1 2
2 1 1 6 1 7 6 6 6 . 2 1 9
21 15 1 5 6 3 1 . 6 0 6
2 1 1 6 2 3 8 0 2 . 0 9 1
223
2 1 1 7 2 0 1 6 5 . 3 5 5
2 1 1 8 1 0 2 7 1 . 6 9 5
2 1 1 9 2 7 3 9 0 . C59
2 1 2 0 2 7 6 5 2 . 5 5 9
2 12 1 2 0 6 5 9 . 3 5 9
2 1 2 2 9 8 7 8 2 , 9 1 9
2 1 2 3 1 6 7 2 6 . 9 6 9
2 1 2 1 1 6 7 0 7 . 5 5 9
2 1 2 5 2 6 2 6 7 . 9 5 7
2 1 2 6 2 2 7 9 1 . 8 9 5
2 1 2 7 2 0 5 C 2 . 7 0 7
21 28 3 1 5 5 2 . 5 7 C
2 1 2 9 2 3 0 7 6 , 1 9 8
2 1 3 0 1 8 9 8 7 . 5 8 2
2131 3 7 5 9 5 . C13
21 32 1 7 9 5 6 . 8 6 3
2 1 3 3 1 5 6 3 8 . 1 5 6
2 1 3 9 2 3 B 3 1 . 9 C 2
2 1 3 5 2 C 1 9 8 . B 0 1
2 1 3 6 1 6 2 9 7 . 8 0 5
2 1 3 7 2 7 3 9 6 . 1 2 9
2 1 3 8 2 5 6 6 9 . 9 0 6
2 1 3 9 2 0 5 9 2 . 3 9 9
2 1 9 0 9 1 7 3 6 . 6 6 0
2 19 1 1 9 9 6 0 . 2 0 7
21 92 1 7 6 6 1 . 5 3 1
2 1 9 3 2 6 5 5 2 . 93C
2 1 9 9 2 2 9 9 3 . 7 5 0
2 1 9 5 2 5 9 9 3 . 9 0 2
2 1 9 6 30 9 9 5 . 7 1 1
2 1 9 7 2 6 6 6 0 . 8 0 5
2 1 9 8 1 9 2 3 1 . 1 0 9
2 1 9 9 9 8 7 3 0 , 7 9 3
215C 1 7 0 5 7 . 0 9 0
2 1 5 1 1 5 0 7 9 . 5 3 1
2 1 5 2 2 9 2 8 3 . 5 7 0
2 1 5 3 2 1 3 3 1 . 5 6 6
2 1 5 9 1 9 0 6 9 . 0 3 6
2 1 5 5 2 9 6 3 9 . 9 3 0
2 1 5 6 2 0 9 5 3 . 0 7 9
2 1 5 7 1 6 6 6 6 . 9 0 6
2 1 5 8 3 9 8 2 9 . 7C3
2 1 5 9 1 5 6 7 6 . 6 1 3
2 1 6 0 1 9 2 0 2 . 6C9
2161 2 1 8 5 9 . 9 5 7
2 1 6 2 1 8 2 2 9 . 5 1 2
2 1 6 3 1 6 5 0 3 . 9 2 2
21 69 2 9 7 7 5 . 3 5 9
2 1 6 5 2 9 0 0 2 . 9 6 5
2 1 6 6 19 1 9 8 . 1 7 2
2 1 6 7 3 9 3 0 7 . 6 0 2
2 1 6 8 1 8 0 3 8 . 8 2 2
2 1 6 9 1 6 3 5 0 , 8 2 6
2 1 7 0 2 9 6 6 8 . 0 5 9
217 1 2 0 9 3 2 . 8 0 5
2 1 7 2 1 9 0 5 2 . 3 9 8
2 1 7 3 2 8 9 2 6 . 8 9 5
21 79 2 3 6 8 9 . 6 1 3
2 1 7 5 1 7 7 1 0 . 5 9 0
2 17 8 916 0  5 . 9 6 1
2 1 7 7 1 6 C 0 3 .O 9 P
224
2 1 7 a 1 8 3 5 0 . 8 6 3
2 1 7 9 2 2 5 3 5 . 8 9 5
2 10 9 1 9 5 1 6 . 0 2 3
2161 1 7 5 8 2 . 2 8 2
2102 2 7 0 2 8 . 3 3 6
216 3 1 9 8 2 3 . 2 3 8
2 1 8 9 1 5 0 0 9 . 8 5 3
218 5 3 2 2 7 6 . 1 8 0
2 18 6 1 5 0 0 7 . 7 0 7
2 1 8 7 1 3 6 1 7 . 6 6 2
2 1 8 8 2 0 8 0 8 . 6 2 5
2 1 8 9 1 7 3 5 0 . 9 0 8
21 90 1 5 0 1 2 . 5 6 2
21 91 2 3 5 8 1 . 0 8 7
2 1 9 2 2 1 9 9 9 . 0 8 0
2 1 9 3 1 7 6 5 9 . 1C9
2 19 9 3 5 7 5 7 . 9 5 3
2 1 9 5 1 6 6 9 2 . 0 9 8
2 1 9 6 1 5 1 5 0 . 6 0 0
2 1 9 7 2 2 7 7 2 . 0 1 6
2 19 8 1 9 2 0 0 . 5 6 2
2 1 9 9 1 7 5 7 8 . 5 2 7
2200 26 187.  181
2201 2 5 6 2 7 . 7 3 8
2202 1 9 1 9 0 . 0 8 3
2 2 9 3 8 5 0 6 0 . 7 8 1
220 8 1 7 8 3 0 . 8 5 3
2 2 0 5 1 5 5 7 0 . 3 6 3
2 2 0 6 2 8 8 3 1 . 8 2 6
2 2 0 7 2 1 1 7 6 . 6 0 5
2 2 0 8 1 9 0 6 0 . 0 0 8
2 20 9 2 9 2 9 0 . 6 2 1
2210 2 1 8 9 8 . 8 5 3
2211 1 7 2 3 0 . 2 1 5
2212 3 8 9 9 8 . 3 0 1
2 21 3 1 6 2 7 8 . 6eu
2 21 8 1 8 7 6 7 . 8 8 5
22 15 2 2 2 1 3 . 9 1 8
22 16 1 0 0 2 3 . 5 7 0
2 2 1 7 . 1 7 1 8 6 . 0 0 3
2 21 8 2 5 5 2 6 . 7 0 3
2 2 1 9 2 3 0 8 7 . 5 0 0
22 20 19 183.  380
2221 3 B 7 5 6 . 3 0 5
2222 1 0 0 9 5 . 6 1 3
2 2 2 3 1 6 8 2 8 . 7 9 3
2 2 2 8 2 8 6 0 6 . 2 3 8
2 2 2 5 2 0 9 0 9 . 5 7 0
2 22 6 1 9 0 5 1 . 6 7 6
222 7 2 0 3 8 8 . 0 5 5
2 2 2 8 2 6 6 7 1 . 0 2 7
2 2 2 9 2 0 6 0 6 . 1 3 3
2230 5 2 2 9 2 . 6 1 7
2231 1 8 3 5 0 . 8 9 b
22 32 1 6 2 1 8 . 7 3 8
2 2 3 3 2 6 1 2 2 . 1 8 7
223 8 2 2 9 8 8 . 6 6 0
223 5 2 0 5 0 7 . 8 7 7
2 2 3 6 3 2 0 9 8 . 1 0 9
2237 2 2 5 8 2 . 8 3 0
2 2 3 0 1 7 9 3 8 . 1 9 5
225
22  37 3 7 C 3 9 . 01 6
2 2 4 0 16 0 6 9 . 2  11
224 1 15 2 B 1 . 301
224 2 2 3 0 8 8 . 6 1 1
2243 1 9 6 1 3 . 1 3 7
2 24 4 1 7 8 4 2 . 0 0 5
2245 2 6 C 5 5 . 4 C 2
2 2 4 6 2 5 8 1 7 . 6 7 2
2 2 4 7 2 0 5 9 7 . 1 1 3
22 40 - 4 2 2 7 8 . 2 1 1
2 2 4 9 1 9 4 0 3 . 8 0 5
225 0 1 7 5 8 0 . 2 1 1
22 51 2 6 5 3 0 . 5 7 0
2 2 5 2 2 2 5 1 6 . 6 6 0
2 2 5 3 2 0 4 9 4 . 1 0 9
2 2 5 4 3 0 5 7 6 . 9 4 1
2 2 5 5 2 5 4 4 4 . 5 3 9
2 2 5 6 1 9 0 5 5 . 3 0 9
2 25 7 4 4 7 6 2 . 3 9 1
2 2 5 0 1 7 3 0 4 . 5 3 9
22 59 1 5 4 4 9 . 4 7 3
2 26 0 2 4 2 4 7 . 1 3 3
226 1 2 1 0 1 9 . 2 5 0
2 2 6 2 1 8 9 1 7 . 2 3 0
2 2 6 3 2 9 0 7 5 . 8 5 5
226 4 2 1 3 2 0 . 7 8 9
2 2 6 5 1 7 C 9 6 . 3 2 6
2 2 6 6 3 4 7 2 7 . 2 7 3
2 2 6 7 1 6 1 4 7 . 6 5 6
2 2 6 8 1 4 6 5 1 . 9 7 3
2 2 6 9 2 2 0 4 0 . 5 3 1
2 2 7 0 1 B 6 7 7 . 4 6 9
2 27 1 1 7 0 1 3 . 6 0 9
2 2 7 2 2 5 3 2 9 . 0 2 3
2 2 7 3 2 3 6 7 0 . 1 4 5
2274 1 8 9 9 9 . 9 4 1
2 2 7 5 3 8 4 7 2 . 6 0 2
2 27 6 1 7 9 5 9 . 5 5 1
2 27 7 1 6 3 C 1 . 1 0 9
227B 2 4 5 0 1 . 0 7 8
2 27 9 2 0 7 5  3 . 0 9 4
2 20 0 1 8 9 0 8 . 9 3 7
22 01 2 8 1 3 2 . 3 0 3
2 2 9 2 2 7 5 6 6 . 2 9 3
2 2 e 3 2 0 6 5 1 . 6 6 8
2 2 8 4 4 R 4 7 6 . 6 4 1
2 2 0 5 1 8 7 5 8 . 3 1 6
2 2 0 6 1 6 7 4 8 . 9 5 7
22 07 2 6 2 8 0 . 3 0 5
2 2 8 0 2 2 7 7 8 . 9 6 1
22 09 2 0 5 0 2 . 3 0 5
2 2 9 0 3 1 5 0 6 . 7 0 3
22 91 2 3 1 2 1 , 3 4 0
2 29 2 18 5 3 4 . 4 4 5
22 93 3 7 6 4 2 . 7 6 2
2 29 4 1 7 5 C 6 . 63 3
2 25 5 1 5 8 0 5 . 3 1 6
2 2 9 6 2 3 0 9 4 , 0 7 1
2 2 9 7 2 0 2 4 8 . 4 0 2
2 2 9 8 1 8 6 4 4 . 8 0 9
2 2 9 9 2 7 4 5 0 . 8 6 3
2 35 0 2 5 6 5 1 . 9 7 3
23 j 1 25 5 9 1 . 9 6 1
2 3 0 2 6 1 6 9 0 . 8 1 6
23C3 1 9 6 6 6 . 9 0 6
2 306 1 7 6 6 7 . 7 5 0
2 3 0 5 2 6 5 5 6 . 2 9 3
2 3 0 6 2 2 6 9 1 . 0 5 1
2 3 0 7 2 0 6 9 3 . 3 6 6
230B 3 0 6 8 0 . 0 3 6
2 3 1 9 3 1 £ 7 9 . 6 9 1
2 3 1 0 2 2 3 6 6 . 1 6 5
23 11 5 9 6 3 5 . 9 5 7
23 12 1 9 6 7 5 . 7 7 7
2 31 3 1 7 0 7 1 . 8 9 1
2 3 1 6 2 8 0 7 5 . 7 8 5
2 31 5 2 6 9 1 6 . 2 6 6
2 3 1 6 2 2 1 6 8 . 82B
2317 3 5 1 6 5 . 2 6 2
23 Ifi 2 3 8 5 9 . 8 2 8
2 3 1 9 1 8 6 6 5 . 9 8 6
2 3 2 0 3 9 6 9 2 . 9 7 3
2 32 1 1 7 6 8 5 . 0 3 9
2 3 2 2 1 5 9 9 8 . 1 8 0
2 3 2 3 2 6 2 6 0 . 1 0 1
2 3 2 6 2 0 6 6 9 . 7 8 1
2 3 2 5 1 8 7 6 5 . 8 2 8
2 3 2 6 2 8 1 1 6 . 1 8 0
2 3 2 7 2 8 0 1 6 . 6 2 1
2 3 2 0 2 2 2 6 5 . 6 2 1
2 3 2 9 6 6 1 6 2 . 3 1 2
23 30 20 9 O 1 . B 2 8
2331 1 8 9 2 5 . 9 9 6
2 3 3 2 2 8 6 2 8 . 6 9 5
2 33 3 2 6 3 3 6 . 6C1
23  36 2 2 1 3 0 . 7 6 2
2 3 3 5 3 3 0 9 1 . 1 0 6
2 3 3 6 2 6 8 0 0 . 2 3 6
2 3 3 7 2 C C 0 1 . 9 9 5
2 3 3 0 6 7 3 1 8 . 2 5 6
2 3 3 9 1 8 1 2 6 . 1 0 2
236C 1 6 1 6 8 . 5 7 6
2 3 6 1 2 5 6 3 6 . 0 9 6
2 3 6 2 2 2 C 7 6 . 66 1
2 3 6 3 1 9 8 5 6 . 6 6 5
2366 3 C E 6 6 . 5 5 5
2 3 6 5 2 2 3 3 6 . 6 0 1
2 3 6 6 1 7 6 9 0 , 9C6
2 3 6 7 3 6 3 9 6 . 6 2 1
2 3 6 0 1 6 8 9 2 . 0 6 3
2 3 6 9 1 5 * 2 5 . 1 9 5
2351.' 2 3 0 6 2 , 1 1 3
2 35 1 1 9 5 6 7 . 3 1 6
235 2 1 7 E 0 3 . 9 6 1
2 3 5 3 2 6 5 1 3 . G76
2 3 5 6 2 6 6 5 6 , 6 1 7
2 3 5 5 1996  1. 266
2 3 5 6 6 6 6 2 8 . 6 0 2
2 3 5 7 1 8 8 6 3 . 5 9 0
2 3 5 0 1 7 1 0 1 . 6 2 2
2 3 5 9 2 5 7 1 2 . 2 9 7
2 3 6 0 2 1 7 8 2 . 9 1 6
227
2 3b1 1 9 0 4 5 . 3 5 5
2 3 6 2 2 9 5 3 3 . 1 1 3
2 3 6 3 2 9 8 5 8 . 6 2 8
23  fiH 2 2 3 0 3 . 0 9 8
2 3 6 5 5 2 6 7 2 . 4 9 6
2 3 6 6 2 0 2 2 1 . 7 7 7
2 3 6 7 1 8 0 4 1 . 8 0 9
2 3 6 0 2 6 3 6 5 . 0 1 6
2 3 6 9 2 4 6 1 1 .  129
237C 2 2 1 3 9 . 3 6 7
2 3 7 1 3 4 0 7 0 . 7 1 5
2 3 7 2 2 4 9 1 8 . 8 4 0
2 3 7 3 1 9 9 6 4 . 0 0 0
2 3 7 6 4 C 5 S 7 , 391
23  75 1 8 0 5 1 . 0 5 9
2 3 7 6 1 7 1 0 3 . 0 9 8
2 3 7 7 2 5 7 3 5 . 1 0 7
2 3 7 6 2 1 8 1 1 . 0 7 1
2 3 7 9 1 9 8 6 7 . 07C
2 3 6 0 2 5 5 8 3 . 9 2 2
23 61 2 7 7 1 3 . 4 6 4
2 3 8 2 2 2 2 3 6 . 16C
2 3 6 3 4 5 0 6 7 . 7 9 7
23 6<) 2 1 C 1 3 . 7 3 0
2 3 6 5 1 9 0 7 1 . 4 8 4
2 3 6 6 2 8 6 7 2 . 0 7 0
2 3 8 7 2 4 2 9 9 . 3 2 0
2 3 6 8 2 2 1 2 9 . 3 2 8
2 3 6 9 3 2 9 3 C . 0 0 4
2 3 9 0 2 8 7 9 8 . 2 9 3
2 3 9 1 20 7 7 3 . 7 4 6
2 3 9 2 5 2 6 3 5 . 6 6 4
2 3 9 3 1 0 4 2 5 . 8 0 5
2 3 9 4 1 6 2 8 4 . 3 5 2
2 3 9 5 2 6 2 3 1 . 7 2 3
2 3 9 6 2 3 0 4 2 . 5 5 5
2 3 9 7 2 0 5 9 4 . 1 8 0
2 3 9 0 3 2 2 3 2 . 9 e 0
2 3 9 9 2 2 6 3 4 , 5 0 0
2 4 0 0 1 B C 0 6 . 6 9 1
2 4 0 1 3 7 1 9 2 . 2 2 7
24 C 2 1 6 9 3 7 . 0 0 4
2 4 0 3 1 5 3 4 2 . 5 5 9
2 4 0 4 2 3 1 8 1 . 7 4 6
2 4 0 5 1 9 6 9 2 . 52C
2 4 0 6 1 7 9 1 4 . 0 9 8
2 4 0 7 2 6 7 6 3 . 6 2 9
2 4 0 8 2 5 9 2 7 . 7 1 1
2 4 0 9 2 0 6 8 4 . 1 9 1
24 1C 4 2 4 6 0 . 1 4 0
241 1 1 9 4 8 5 . 4RC
24 12 1 7 6 6 2 . 1 1 3
24 13 2664  2 . 5 6 2
24 14 2 2 6 1 1 . 9 7 3
2 4 1 5 20 5 8 0 . 7 3 4
2 4 1 6 3C7Gfc.652
24 17 2 5 5 4 7 . 6 0  2
2 4 1 8 1 9 1 3 2 . 0 3 5
2 4 1 9 4 4 9 4 4 . 6  16
2 4 2 0 1 7 3 7 3 . 9 6 5
24 21 1 5 5 1 1 . 3 5 5
228
2 42  2 2 4 3 4 4 . 6 2 5
2 0 2 1 2 1 1v 3 . 9 6 9
2U2M 1 B 9 9 3 . 3 9 8
2 4 2 5 2 9 1 9 3 . 2 4 2
2 4 2 6 2 1 4 1 4 . 3 0 5
2 4 2 7 1 7 1 6 4 . 0 0 5
24 2 e 34 6 6 6 . 7 2 7
2 4 2 4 1 6 2 1 2 . 2 0 9
24 30 1 4 7 1 0 . 6 1 3
243 1 2 2 1 2 8 , B09
243 2 1 8 7 5 2 . 2 6 9
24 33 1 7 0 8 1 . 7 5 0
243 4 2 5 4 3 0 . 5 3 5
2 4 3 5 2 3 7 6 5 . 5 3 1
2 4 3 6 1 9 0 7 6 . 4 3 7
24 37 3 8 6 2 7 . 8 1 6
2 43 0 1 8 0 3 1 . 8 1 6
2 4 3 9 1 6 3 6 6 . 6 8 4
244C 2 4 5 9 9 . 7 1 5
2 44 1 2 0 8 3 6 . 6 4 8
2 4 4 2 1 8 9 8 5 . 0 5 9
2 4 4 3 2 8 2 4 5 . 6 5 5
244 4 2 7 6 8 3 . 4 2 2
2 4 4 5 2 0 7 3 0 . 9 7 7
2 44 6 4 8 6 8 3 . 6 9 9
2 4 4 7 1 8 8 3 7 . 3 6 7
2 4 4 8 1 6 8 1 9 . 4 4 1
2 4 4 9 2 6 3 9 1 . 2 9 1
2 4 5 0 2 2 8 7 5 . 3 1 6
2 4 5 1 20 5 8 8 . 9 5 7
2 4 5 2 3 1 6 4 0 . 1 9 5
2 4 5 3 2 3 2 1 8 . 7 5 4
24 54 1 8 6 1 2 . 4 5 3
2 4 5 5 3 7 8 0 1 .  543
2 4 5 6 1 7 5 8 0 . 2 7 7
2 4 5 7 1 5 9 5 2 . 1 2 5
2 4 5 6 2 3 9 9 5 . 4 1 4
2 4 5 9 2 0 3 3 3 . 6 3 3
24 60 1 8 5 2 2 . 4 3 7
2 4 6 1 2 7 5 7 4 , 4 9 8
24 62 2 5 7 6 0 . 4 7  3
2 4 6 3 2 0 6 7 0 . 9 7 3
2 4 6 4 4 1 6 6 7 . 34C
2 4 6 5 1 9 5 4 7 . 2 1 5
2 4 6 6 1 7 7 4 2 . 3 6 7
2 4 6 7 2 6 6 6 6 . 5 1 2
2 4 6 8 2 2 5 6 6 . 8 7 5
2 4 6 9 2 0 5 7 9 . 9 6 1
2470 3 0 6 1 7 . 7 3 8
24 71 3 C 9 5 8 . 5 9 8
2 4 7 2 2 2 3 3 7 . 41C
2 4 7 3 5 6 5 7 0 . 8 9 5
2 47 4 1 9 E 1 5 . B 0 1
2 4 7 5 1 7 5 1 3 . 9 8 0
2 4 7 6 2 9 2 C 7 . 6 1 7
2 4 7 7 24 7 7 b . 1 J 2
2 4 7 8 2 2 1 4 4 . 5 2 0
2 4 7 9 3 4 6 5 3 . 4 6 5
2 4 9 0 2434  2 , 5 2  i
24 81 1 9 3 6 6 . 4 5 7
2482 3 9 5 9 6 . 3 6 1
229
24 03 1 0 2 1 6 . 5 9 9
2 t te« 1 6 5 C 1 . 7 9 7
2 4 8 5 2 4 9 3 2 . 5 5 5
24 66 21 1 7 9 . 4 6 1
2407 1 9 2 6 7 . 7 7 7
2 4 8 0 2 0 7 8 4 . 0 7 0
2 4 0 9 2 7 0 7 0 . 4 5 7
2 4 9 0 2 2 2 4 1 . 3 0 9
2491 4 5 6 5 2 . 5 4 7
249 2 2 0 9 5 2 . 8 2 8
2 4 9 3 1 0 9 9 2 . 3 0 5
2494 2 0 6 4 0 . 4 5 7
249 5 2 4 3 1 4 . 0 7 8
249 6 2 2 1 3 0 . 1 0 5
2U97 3 3 0 1 7 , 7 0 3
2 4 9 8 2 7 4 7 6 . 5 4 3
2 49 9 2 0 5 7 7 . 1 5 6
250U 4 6 3 3 6 . 0 9 8
2591 1 9 6 0 6 . 6 0 9
2 5 3 2 1 6 6 8 3 . 4 1 0
2 5 0 3 2 6 1 8 3 . 6 3 3
25 04 2 2 6 9 7 . 9 4 5
2 50 5 2 0 4 2 0 . 0 7 0
25C6 3 1 3 9 7 . 9 4 5
2 5 3 7 2 3 0 3 2 . 2 7 0
250 0 1 8 4 6 1 . 7 8 9
2 5 9 9 3 7 5 0 0 . 8 4 0
2 5 1 0 1 7 4 3 7 . 3 5 5
2511 1 5 0 2 2 . 2 2 3
2 5 1 2 2 3 8 C C . 9 C 6
2 5 1 3 2 0 1 6 9 . 2 0 7
2 51 4 1 8 3 7 2 . 4 6 9
2 5 1 5 2 7 3 5 2 . CC8
2516 2 5 5 6 0 . 5 4 7
2 5 1 7 2 0 5 1 7 . 3 8 3
2 5 1 0 4 1 5 4 5 . 1 6 0
2 5 1 9 1 9 3 9 3 . 6 9 6
2520 1 7 6 0 3 . 0 0 0
252 1 2 6 4 5 7 . 8 7 1
2522 2 2 4 1 0 . 5 3 9
2 5 2 3 2 0 4 1 9 . 0 9 0
252 4 3 0 3 7 9 . 1 6 0
2 5 2 5 2 9 7 6 6 . 7 2 7
2 52 6 2 2 3 0 0 . 2 3 0
2 5 2 7 5 2 3 4 5 . 9 8 0
2 5 2 0 2 0 2 5 5 . 7 7 3
2 5 2 9 1 8 0 8 6 . 0 2 7
2 5 3 0 2 9 3 7 ? . 1 8 4
2531 2 4 5 9 7 . 1 0 9
25 32 2 2 1 3 8 . 9 3 7
2 5 3 3 3 4 0 2 1 . 7 4 6
2 53 4 2 4 9 6 7 . 1 2 5
25 35 2 0 0 1 4 . 0 5 9
2 5 3 6 4 0 6 4 7 . 7 3 8
25 37 1 8 9 0 4 . 2 0 7
2 5 3 8 1 7 1 5 3 . 4 5 7
25 39 2580  2 . 4 1 4
25 40 2 1 E 6 4 . 6 3 2
25 41 1 9 9 1 7 . 2 7 0
254 2 2 9 6 5 C . 9 2 2
2 5 4 3 2 7 6 9 9 . 8 8 0
230
a s a o 2 2 2 3 5 . 7 3 0
2 5 0 5 0 5 9 1 0 . 0 1 6
2 5 0 b 2 1 C 1 0 . 8 2 O
2 5 0 7 1 9 0 7 8 . 1 1 7
260H 2 6 6 7 0 . 0 3 9
2 5 0 9 2 0 2 0 7 . 2 5 0
2 5 5 0 2 2 1 2 9 . 2 6 6
2 5 5 1 3 2 9 2 2 . 6 7 2
2 5 5 2 3 0 1 7 3 . 2 3 0
2 5 5 3 2 3 9 8 2 . 0 0 1
2 5 5 0 6 6 3 6 1 . 0 0 0
2 5 5 5 1 9 5 7 2 . 1 9 9
2 5 5 6 1 6 5 0 0 . 2 5 0
2 5 5 7 2 0 7 3 2 . 6 9 9
2 5 5 8 2 5 6 6 5 . 9 8 0
2 5 5 9 2 2 0 2 3 . 6 0 5
2 5 6 0 3 6 9 1 3 . 9 2 2
256 1 2 3 8 B 2 . 391
2 5 6 2 1 8 7 1 2 . 1 1 3
2 5 6 3 3 9 9 5 7 , 5 0 0
2 5 6 9 1 7 0 5 0 . 7 2 7
2 5 6 5 1 5 7 5 3 . 2 1 5
2 5 6 6 2 0 0 2 1 . 0 2 7
2 5 6 7 20 £ 0 7 . 5 6 2
2 5 6 8 1 0 6 0 6 . 0 2 8
2 5 6 9 2 7 9 9  0 . 5 7 0
2 5 7 ‘J 2 9 0 6 1 . 9 8 0
25 71 2 2 9 2 3 . 3 2 0
2 5 7 2 0 8 2 0 2 . 9 3 0
2 5 7 3 2 1 0 5 9 . 0 2 0
2 5 7 9 1 9 0 0 1 . 0 3 7
2 5 7 5 2 9 0 6 0 . 2 5 0
2 5 7 6 2 5 C 9 9 . 2 8 5
2 5 7 7 2 2 7 9 9 . 6 8 0
2 5 7 8 3 0 1 9 6 . 2 1 1
2 5 7 9 2 6 6 3 1 . 7 1 9
2 5 8 0 1 9 7 7 0 . 1 9 9
2501 0 7 2 7 0 ; 2 0  2
2 5 8 2 1 7 6 6 3 . 1 3 7
2 5 8 3 1 5 9 1 2 . 5 2 3
2 5  £9 2 5 1 1 0 . 5 3 9
2 5 0 5 2 1 8 3 9 . 6 0 8
25E 6 1 9 6 2 0 . 6 9 5
2 5 0 7 3 9 2 0 7 . 5 7 8
2 5 8 0 2 2 0 9 0 , 9 1 0
2 5 9 9 1 7 6 0 5 . 0 0 0
2 5 9 0 3 5 6 9 0 . 3 5 9
2 5 9 1 1 6 6 1 3 . 7 7 7
2 5 9 2 1 5 0 6 9 . 0 1 8
2 5 9 3 2 2 6 9 0 . 0 6 1
2 5 5 0 19 2 3 P . £00
2 5 9 5 1 7 5 1 9 . 6 5 6
2 5 9 6 2 6 1 0 2 . 3 1 2
2 5 9 7 2 0 5 0 9 . 5 1 6
2 5 9 0 1 9 7 1 6 . 0 8 0
2 5 9 9 0 0 0 3 5 .  180
2 6 9 0 1 8 6 1 7 . 3 1 0
2601 1 6 3 9 2 . 6 8 7
26C2 250  1 C , 8 2 0
2 6 9 3 2 1 5 3 3 . 3 2 8
2 6 0 0 1 9 6 1 5 . 1 3 7
231
2 6 0 5 29 20  1. 723
26 0 6 3 Q P 9 3 . 2 3 0
2 6 0 7 2 2 9 8 0 . 9 6 9
26GB 5 9 7 3 9 . 2 8 1
2 6 0 9 2 0 7 8 3 . 0 2 0
2 6 1 0 1 8 5 2 2 . 5 0 0
2 61 1 2 9 2 0 2 . 1 5 2
2 6 1 2 2 5 3 7 3 . 9 7 7
2 6 1 3 2 2 8 0 8 . 2 6 2
26 m 3 5 1 6 9 . 9 0 6
2 6 1 5 2 5 6 0 1 . 2 5 0
2 6 1 6 2 0 9 9 9 . 2 0 1
2 6 1 7 9 1 7 5 0 , 0 6 6
26 1B 1 9 3 9 3 . 2 5 9
2 6 1 9 1 7 5 9 6 . 5 5 9
2 6 2 0 2 6 9 1 9 . 8 2 0
2 6 2 1 2 2 3 9 3 . 6 9 5
2 6 2 2 2 0 3 9 9 . 2 0 3
2 6 2 3 3 0 3 8 0 . 1 0 2
2 6 2 9 2 0 5 6 9 . 9 7 7
2 6 2 5 2 2 9 0 7 . 9 8 0
2 6 2 6 9 6 9 9 0 . 9 3 0
2 6 2 7 2 1 6 9 0 . 6 9 5
2 6 2 8 1 9 6 3 7 . 5 6 2
2 6 2 9 2 9 5 3 9 . 6 6 3
26  30 2 5 C 2 5 . 9 0 O
2 63 1 2 2 7 9 7 . 3 8 7
2 6 3 2 3 3 9 3 9 . 5 9 0
2 6 3 3 2 8 5 9 6 . 1 0 9
2 6 3 9 2 0 5 3 3 . C59
2 6 3 5 5 2 5 0 2 . 0 6 2
2 6 3 6 1 0 1 5 7 . 7 9 7
2 6 3 7 1 6 0 2 6 . 3 5 9
2 6 3 8 2 5 9 0 2 . 7 1 1
2 6 3 9 2 2 7 9 1 . 9 3 0
269C 2 0 3 5 1 . 9 5 7
2 6 9 1 3 1 9 2 5 . 9 3 0
2 6 9 2 2 2 2 9 5 . 5 7 6
2 6 9 3 1 7 7 1 9 , 6 0 0
2 6 9 9 3 6 6 7 0 . 5 9 3
2 6 9 5 1 6 6 5 7 . 9 7 3
2 6 9 6 1 5 C 8 6 . 5 0 9
2 6 9 7  - 2 2 8 0 B . 0 9 8
2 6 9 8 1 9 3 8 1 . 2 8 1
2 6 9 9 1 7 6 2 0 . 7 9 6
2 6 5 0 2 6 3 9 8 . 0 9 0
2 6 5 1 2 5 6 9 2 . 5 6 2
2 6 5 2 2 0 9 9 C . 9 1 0
2 6 5 3 9 2 0 3 2 . 9 9 6
2 6 5 9 1 9 2 9 8 . 0 9 9
2 6 5 5 1 7 9 9 3 , 9 3 9
2 6 5 6 2 6 3 2 5 . 9 3 9
2 6 5 7 2 2 3 9 8 .  9(.'6
2 6 5 0 2 0 3 3 8 . 1 2 5
2 6 5 9 3 0 3 5 5 . 9 9 6
2 6 6 0 2 5 1 9 5 . 9 2 6
266 1 1 8 8 2 0 . 5 9 9
2 6 6 2 9 9 2 6 2 . 8 2 0
2 6 6 3 1 7 C 8 5 . 953
2 6 6 9 1 5 2 5 1 . 6 3 3
2 6 6 5 2 3 9 9 5 . 7 2 7
2666
2 66 7
2 6 6 8
2 6 6 9
2 6 7 0
26 71
2 6 7 2
2 6 7 3
26 76
2 6 7 5
26 76
2 6 7 7
2 6 7 8
2 6 7 9
2 6 8 0
2681
2 6 6 2
268 3
2 68 9
2 6 8 5
2 6 6 6
2 6 8 7
2 6 8 8
2 6 8 9
2 6 9 0
26 91
2 6 9 2
2 6 9 3
2 6 9 9
2 6 9 5
2 6 9 6
2 6 9 7
2 6 9 8
2 6 9 9
2 70 0
2 7 0 1
2 70 2
2 7 0 3
2709
2 7 0 5
270 6
2 7 0 7
2 7 0 8







2 7 1 6
27 17






2 7 2 9
2 7 2 5
2 7 2 6
232
2 0 7 6 2 . 1 7 0
1 8 6 8 3 . 8 2 8
2 8 7 2 9 . 9 3 7  
2 1 0 5 7 . 7 1 9  
1 6 8 7 7 . 2 1 5  
3 9 2 9 0 . 5 0 8  
1 5 9 3 5 . 7 5 9  
1 9 0 6 2 . 9 8 0
2 1 7 5 7 . 6 2 5  
1 8 0 3 8 . 3 7 1
1 6 7 9 5 . 0 8 8
2 5 0 0 5 . 5 5 5  
2 3 3 8 0 . 2 0 2  
1 8 7 6 5 . 5 1 2  
3 8 C C 5 . 7 0 7  
1 7 7 3 7 . 0 6 6  
1 6 0 9 8 . 8 0 0  
20 1 9 8 .  359
2 0 0 5 7 . 2 9 7  
1 8 6 7 5 . 5 7 0  
2 7 7 8 6 . 3 5 9  
2 7 3 7 0 . 6 9 5  
2 0 0 9 0 . 8 3 2
0 8 1 5 8 . 2 9 3  
1 8 6 1 0 . 1 5 2  
1 6 6 1 0 . 5 0  0 
2 6 C 7 6 . 0 8 2
2 2 6 0 7 . 6 2 5  
2 0 3 0 6 . 2 2 3  
3 1 2 7 0 . 3 7 9  
2 2 9 3 7 . 7 0 2  
1 8 3 8 5 . 0 9 6  
3 7 3 0 8 . 2 2 7  
1 7 3 6 5 . 0 2 0
1 5 7 5 6 . 0 8 8  
2 3 7 9 2 , 0 0 2
2 0 0 8 5 . 9 3 7  
1 8 2 9 6 . 5 1 6  
2 7 2 3 9 . 3 1 6  
2 5 0 5 8 . 7 5 0  
2 0 0 3 5 . 1 7 6  
0 1 3 8 0 . 9 1 8
1 9 3 1 5 . 9 3 7  
1 7 5 3 2 .  152 
2 6 3 5 1 . 7 0 6
2 2 3 2 0 . 8 2 8  
2 0 3 3 7 . 2 7 3  
3 0 2 5 7 . 7 7 3  
3 2 0 2 6 . 1 9 9
2 3 1 1 5 . 8 1 2  
5 H 7 5 C . 308 
2 0 3 6 0 . 7 8 1
1 7 9 7 8 . 7 3 0  
2 9 0 3 9 . 9 9 6  
2 5 5 0 3 . 93C 
2 2 9 1 3 . 5 5 1  
3 5 7 7 2 . 3 2 0  
2 5 0 0 7 . 5 3 5  
1 9 8 7 8 . 6 9 9  
0 1 1 3 0 . 8 9 8  
1 8 6 8 9 . 5 0 7
233
27 27 1 6 9 2 7 . 1 0 5
27 20 2 5 5 8 7 . 9 6 9
27 29 2 1 7 4 2 . 1 9 5
27  30 1 9 7 7 6 . 8 2 0
2731 2 9 5 5 6 . 1 0 5
2732 2 0 7 3 9 . 9 1 0
2 73 3 2 2 9 1 3 . 2 6 6
2734 4 7 1 0 1 . 3 3 2
273 5 2 1 5 7 7 . 9 1 0
273 6 1 9 5 5 5 . 9 9 2
2 73 7 2 9 5 1 0 . 3 3 2
273 8 2 5 0 5 0 . 9 7 7
2739 2 2 7 9 8 . 1 7 2
2740 3 4 0 2 4 . 9 6 1
2741 2 8 2 0 0 . 1 6 0
2742 2 1 1 1 5 . 1 1 3
27 43 4 9 6 4 0 . 7 1 9
2744 1'916 9 . 6  3 7
27 45 1 7 1 1 2 . 5 7 0
2746 2 6 6 6 5 . 6 4 1
27 47 2 3 2 9 2 . 9 5 3
274 8 2 0 9 6 1 . 7 6 6
274 9 3 2 2 2 5 . 5 0 8
2750 2 3 6 2 6 . 6 9 0
2751 1 0 9 3 6 , 5 3 1
275 2 3 R 4 7 2 . 8 7 9
2753 1 7 8 8 4 . 8 7 5
2754 1 6 2 2 7 . 9 6 9
2 7 5 5 2 4 4 1 2 . 5 4 3
2756 2 0 6 8 8 . 1 2 1
2 7 5 7 1 8 8 4 4 . e59
2758 2 8 0 5 6 . 4 3 7
2 75 9 2 6 2 3 0 . 3 3 2
276C 2 1 0 5 3 . 41C
2761 4 2 6 3 7 . 7 8 1
276 2 1 9 0 9 9 . 7 5 8
2763 1 0 0 6 1 . 6 4 0
2764 2 7 1 4 8 . 7 1 5
27 65 2 2 9 9 6 . 2 7 3
2766 2 0 9 5 2 . 5 0 4
2767 3 1 1 7 3 , 8 7 1
2768 3 0 6 7 8 . 5 2 7
2769 2 2 9 7 3 . 7 5 8
2770 5 3 9 7 3 . 2 0 3
2771 2 0 8 6 2 . 2 6 6
27 72 1 0 6 2 5 . 5 5 5
277 3 2 9 2 3 2 . 8 5 9
2774 2 5 3 4 1 , 7 6 6
2 7 7 5 2 2 8 0 7 . 2 5 0
2776 3 5 0 5 5 . 7 5 4
27 77 2 5 7 1 3 . 7 6 2
2 778 2 0 6 1 0 . 9 4 1
277 9 4 1 0 6 7 . 3 7 5
2780 1 9 4 6 7 . 1 3 7
2781 1 7 6 6 3 . 9 5 3
2782 2 6 5 7 1 . 5 1 6
27 83 2 2 5 1 7 . 1 6 0
2784 2 0 5 1 1 . 1 9 9
27B5 3 0 5 3 6 . 2 2 3
27efi 2 8 5 3 7 . 7 6 2
2787 2 2 9 ^ 6 . 9 6 1
2 7 9 0  0 6 3 8 0 . 7 6 6
2 7 8 0  2 1 fi5 2 .  531
2 79 0  1 9 6 5 3 . ^ 2 3
2791 2 9 5 3 9 . 2 7 7
2 7 9 2  25 C 2 C .6 6G
2 7 9 3  2 2 7 9 7 . 2 2 7
27 99  3 3 9 1 7 . 90C
2 79 5  30 9 2 5 .  390
2 79 6  2 1 3 3 6 . 5 9 7
27 97  5 7 1 2 0 . 5 2 3
2 79 8  1 8 5 7 6 , 6 8 5
27 99  1 6 2 8 2 . 0 3 1
2 80 0  2 6 1 8 3 . 3 6 7
290 1  2 3 7 7 0 . 8 0 8
2 00 2  2 1 1 3 0 . 9 1 8
2 8 0 3  3 3 5 3 5 . 7 5 0
2BO0 2 2 7 5 7 . 5 3 5
2 8 9 5  1 7 9 9 2 . 9 9 2
2 8 0 6  3 7 6 7 1 . 9 9 1
2 01 7  1 6 8 6 5 . 9 8 9
2 9 1 8  1 5 2 5 6 . 9 5 7
2 0 0 9  2 3 1 3 7 . 3 5 9
28 10  1969M.U57
2 81 1  1 7 8 9 7 . 0 2 6
2 81 2  2 6 8 1 0 . 1 2 5
2 8 1 3  2 6 7 3 0 . 6 0 5
2 81 0  2 1 2 2 3 . 2 6 2
281 5  0 0 0 2 7 . 3 9 5
2 0 1 6  1 9 9 0 C . 5 7 Q
2 81 7  1 B G 5 5 . 371
2 8 1 8  2 7 3 1 2 . 68C
2 8 1 9  2 3 2 1 6 . 6 1 7
2 8 2 0  2 1 1 1 3 . 6 2 1
21121 3 1 5 7 1 . 1 8 0
28 22  2 5 5 6 G . 0 9 2
282 3  1 9 0 7 5 . 7 9 7
2 8 2 0  0 5 1 3 1 . 0 3 0
2 8 2 5  1 7 2 8 6 . 3 8 7
2 8 2 6  1 5 0 1 9 . 3 7 5
2 0 2 7  2 0 2 5 6 . 2 8 5
2H28 2 1 0 5 2 . 5 0 3
2 82 9  1 8 9 3 5 . 1 0 1
28 JO 2 9 1 5 1 . 0 7 9
2831  2 1 3 0 0 . 9 2 7
2 83 2  1 70 G 1 . 8 7 9
2 01 3  3 0 7 0 0 . 8 3 2
28 30  1 6 1 0 9 . 2 2 7
2 8 3 5  1 0 6 1 0 . 9 5 7
2 0 3 6  2 1 9 9 3 . 0 1 0
2 0 1 7  1 8 6 0 1 . 5 5 5
2 83 P  1 6 9 7 0 . 9 3 0
2B39 2 5 2 0 5 . 1 8 0
2 80 0  2 3 7 C S . 6 7 9
2RU1 1 9 0 1 7 . 9 2 2
2 80 2  3 8 5 5 7 . 2 0 9
28 0 3 17 9 7 1 . 0  27
29 00  16 3C 9 .5 O 0
2 0 0 5  2 0 5 2 1 , 7 2 7
2 80 6  2 0 7 7 0 . 30C
2 0 0 7  1 8 9 2 6 . 0 6 5
2 8 0 8  2 8 1 6 5 . 7 5 0
235
2R49 2 8 4 8 7 . 6 2 1
2 0 5 0 2 1 2 7 9 . 0 0 6
2051 5 0 2 5 5 . 5 3 1
2 8 5 2 1 9 2 9 1 . 9 7 7
2 8 5 3 1 7 2 1 2 . 0 9 8
2 0 5 4 2 7 0 6 1 . 2C7
2 0 5 5 2 3 4 8 0 .  172
2 8 5 6 2 1 1 2 1 . 8 5 5
2 8 5 7 3 2 5 0 5 . 4 0 6
2 8 5 8 2 3 7 7 3 . 0 0 8
2 05 9 1 9 0 4 5 . 0 7 5
2 8 6 0 3 0 7 3 0 . 9 3 7
2861 1 7 9 8 4 . 0 3 1
2 0 6 2 1 6 3 1 6 . 4 4 1
2 8 6 3 2 4 5 5 1 . 5 8 6
2 8 6 4 2 0 8 0 8 . 7 7 0
2 8 6 5 1 0 9 5 3 . 3 8 7
2 8 6 6 2 8 2 2 3 . 4 4 =
2 8 6 7 2 6 4 3 9 . 9 4 5
2 9 6 8 2 1 2 1 4 ; 1 9 9
2 3 6 9 4 2 9 9 7 . 0 3 5
2 8 7 0 2 0 C 4 7 . 8 7 5
287 1 1 8 1 9 4 .  803
2 8 7 2 2 7 3 5 4 . 2 7 0
2 0 7 3 2 3 1 7 3 . 0 2 3
28 74 2 1 1 1 2 . 27C
2 8 7 5 3 1 4 1 6 . 6 2 9
2 8 7 6 2 7 4 6 5 . 5 5 7
2 0 7 7 1 9 6 1 1 . 0 8 7
2 8 7 8 5 0 2 0 2 . 4 2 6
2 8 7 9 1 7 5 7 2 .  2 1 5
2 0 8 0 1 5 5 2 5 . 7 6 5
2 08 1 2 5 0 1 6 . 9 3 0
2 8 8 2 2 1 9 7 5 . 7 7 3
2 8 8 3 1 9 6 4 0 . 5 9 4
2 8 8 4 3 0 7 4 1 . 6 9 0
28B5 2 1 5 8 5 . 0 5 5
2 8 8 6 1 7 1 7 2 . 1 0 5
2 9 0 7 3 5 4 6 9 . 4 7 7
2 8 9 0 1 6 1 5 2 . 1C5
2 8 8 9 1 4 6 3 1 . 5 2 7
2 8 9 0 2 2 1 0 7 . 5 3 1
289 1 1 8 7 0 0 . 0 4 3
28  92 1 7 C 0 4 . 7 6 6
2 9 9 3 2 5 5 2 3 . 5 7 0
2 8 9 4 2 4 7 2 7 . 3 3 6
2 8 9 5 1 9 7 2 6 . 4 3 7
2 8 9 6 4 0 4 9 4 . 6 8 4
2 0 9 7 1 0 5 8 3 .  104
2 8 9 8 1 6 8 4 4 . 2 1 1
2 0 9 9 2 5 4 0 0 . 9 1 4
2 9 0 0 2 1 5 6 4 . 9 6 9
2 93 1 1 9 6 2 7 . 7 7 7
2 9 3 2 2 = 2 0 4 . 9 1 0
2 9 0 3 2 4 3 6 3 . B36
29G4 1 3 2 4 5 . 4 5 3
2 9 0 5 4 2 8 6 2 . 4 6 9
2 9 0 6 1 6 5 6 8 . 8 0 5
2 9 3 7 1479 2 . SOo
2 9 0 8 2 3 2 1 6 . 4 7 7
2 9 J 9 24 1 2 6 . 0  16
2 9 1 0 1 8 1 1 3 . 2 2 7
2 91 1 2 7 8 0 0 . 0 7 7
2 9 1 2 2 C 0 2 1 . 0 9 5
2 9 1 J 1 6 3 6 9 . 3 1 2
29  19 3 3 2 5 0 . 9 1 6
2 9 1 5 1 5 0 6 0 . 9 0 1
2 9 1 6 1 0 0 2 8 . 8 5 2
2 9 1 7 2 1 1 0 3 . 2 5 6
2 5 1 8 1 7 6 8 3 . 2 2 3
2 9 1 9 1 6 2 9 0 . 0 9 8
2 9 2 0 2 0 2 5 1 . 9 8 0
2 9 2 1 2 2 6 6 0 . 2 3 8
2 9 2 2 1 B 1 9 2 . 0 2 2
2 9 2 3 3 6 8 3 7 . 8 0 8
2 9 2 9 1 7 1 9 6 . 1 9 9
2 9 2 5 1 5 6 0 8 . 2 3 0
2 9 2 6 2 3 0 5 9 . 7 3 8
2 9 2 7 1 9 B 7 1 . 0 8 2
2 9 2 8 1 8 1 0 5 , 2 8 1
2 9 2 9 2 6 9 3 6 . 7 8 9
2 9 3 5 2 6 0 0 1 . 6 8 7
2 93 1 1 9 7 7 8 . 6 0 7
2 9 3 2 0 6 0 2 9 . 8 5 2
2 9 1 3 1 7 9 6 5 . 0 9 0
2 930 1 6 0 0 0 , 5 9 0
29  15 2 5 1 6 9 . 2 5 0
2 9 3 6 2 1 6 1 6 . 1 3 7
2 9 3 7 1 9 6 3 5 . 6 1 3
2 9 3 8 3 0 1 7 5 . 1 9 1
2 9 3 9 2 2 1 0 3 . 5 8 6
290 P 1 7 7 5 C . 5 7 0
2 9 0 1 3 6 0 5 1 . 1 2 5
2 a 02 1 6 7 6 6 . 1 0 0
2 9 0 3 1 5 2 1 3 . 0 2 2
2 9 0 0 2 2 0 9 0 . 2 5 0
2 9 0 5 1 9 3 9 2 . 0 3 9
2 9 0 6 1 7 6 6 0 . 7 1 9
2 9 0 7 2 6 2 9 7 . 6 0 5
2 9 0 8 2 0 5 6 7 . 6 9 5
2 9 0 9 1 9 7 2 1 . 0 6 1
2 9 5 0 3 9 9 2 8 . 7 9 7
2 9 5 1 1 8 6 0 2 .  102
2 9 5 2 1 6 9 2 0 . 8 2 0
2 9 5 3 2 5 0 3 1 . 7 5 8
2 9 5 0 2 1 5 0 1 . 0 3 3
2 9 5 5 1 9 6 2 7 . 0 3 5
2 9 5 6 2 9 2 0 0 . 0 0 3
2 9 5 7 2 9 5 3 6 . 8 2 8
2 9 5 8 2 1 3 1 C . 0 2 0
2 9 5 9 5 3 9 7 0 . 7 7 3
2 9 6 0 1 0 9 0 0 . 6 5 6
2 9 6 1 1 6 7 0 8 . 5 1 2
2 9 6 2 2 6 9 1 1 . 0 2 7
2 9 6  3 2 3 6 3 7 . 5 5 1
2 9 6 0 2 1 1 2 6 . 7 7 0
2 9 6 5 3 3 0 6 3 . 2 9 7
2 9 6 6 2 3 2 2 3 . 1 7 6
2 9 6 7 1 8 0 7 5 . 7 8 1
2 9 8 8 3 8 1 5 7 . 5 1 5
2 9 6 9 1 7 3 7 8 . 6 3 7
2 9 7 0 1 5 7 0 2 . 7 7 3
237
29 71 2 3 7 8 5 . 9 5 5
2 9 7 2 2 0 2 0 5 .  9 2b
2 9 7 3 1 0 3 8 1 . 6 3 ’
2 9 7 0 2 7 0 6 0 .  355
2 9 7 5 2 6 5 9 7 . 3 2 0
2 9 7 6 2 1 2 1 9 . 1 1 3
2 9 7 7 • 4 3 5 5 9 .  99  1
2 9 7 8 1 9 9 8 9 . 7 7 7
2 9 7 9 IB 1 1 9 .  3 08
29 80 2 7 1 3 1 . 7 5 8
2 9 8 1 2 3 1 9 6 . 6 3 7
2 9 9 2 21 1 1 2 . 9 9 6
2 9 8 3 3 1 5 0 0 . 3 1 2
2 9 8 9 2 6 2 1 2 . 9 2 6
2 9 0 5 1 9 6 3 0 . 7 5 9
2 9 e 6 •46 1 1 4 .  m e
2 9 8 7 1 7 8 2 7 . 1 1 3
2 9 8 8 1 5 9 1 6 . 0 2 3
2 9 8 9 2<4979 .  363
2 9 9 0 2 1 6 5 0 . 0 0 8
2 9 9 1 1 9 9 8 8 . 5 0 0
2 9 9 2 2 9 5 5 3 . 9 0 6
2 9 9 3 2 1 9 7 2 . 0 0 3
2 9 9 9 1 7 6 1 2 . 6C5
2 9 9 5 3 5 7 7 5 . 9 8 0
2 9 9 6 1 6 6 3 5 . 2 9 3
2 9 9 7 1 5 0 9 0 .  <4 01
2 9 9 8 2 2 7 C 6 . 1 2 5
2 9 9 9 1 9 2 0 1 . 5 0 0
3 0 0 0 1 7 5 2 7 . 3 9 1
3 0 0 1 2 6 0 9 3 . 9 1 8
3 0 0 2 2 0 3 8 0 . 9 0 9
3 0 0 3 1 9 5 7 3 . 7 1 1
3 0 0 0 3 9 6 3 0 . 0 1 8
3 9 0 5 18 SC 1 .  8 9 8
30C6 1 6 7 9 3 . 3 7 5
3 0 0 7 2 5 2 0 0 . 9 7 3
3 0 0 8 2 1 3 7 9 . 8 0 9
3 3 0 9 1 9 0 7 9 . 9 5 7
3 0 1 0 2 8 5 8 1 . 9 0 1
3 01 1 2 0 3 9 8 . 7 5 0
3 0 1 2 2 1 2 7 5 . 3 1 2
3 0 1 3 0 9 9 0 0 . 5 5 5
3 0 1 9 1 9 3 2 0 . 7 8 5
3 0 1 5 1 7 2 5 0 . 7 0 6
3 0 1 6 2 7 0 7 3 . 9 3 0
3 0 1 7 2 3 0 6 6 . 8 0 8
3 0 1 8 2 1 1 2 1 . 0 0 1
3 0 1 9 3 2 0 5 8 . 1 5 2
3 0 2 0 2 3 8 1 9 . 5 7 0
3 9 2 1 1 9 0 9 0 .  156
3 02 2 3 8 7 7 9 . 5 0 8
3 0 2 3 1 8 0 3 5 . 3 0  1
302U 1 1 . 3 6 5 . 0 2 3
3 0 2 5 2 0 6 1 6 . 0 5 3
3 0 2 6 20 6 5 9  . e6  7
3 0 2 7 1 9 0 0  1 . 8 1 2
3 0 2 0 2 8 2 8 6 . 0 7 0
3 0 2 9 2 6 0 2 6 . 6 2 1
3 0 3 0 2 1 2 1 3 . 7 8 5
3 0 3 1 0 2 9 0 9 . 8  12
3032 2 0 0 5 2 . 7 9 7
3C33 ■ 1 8 2 0 1 . 2B5
303 4 2 7 3 5 6 . 1 8 7
3035 2 3 1 7 1 . 0 1 6
3036 2 1 1 1 2 . 2 1 1
30 37 3 1 4 0 9 . 5 5 1
3038 3 2 e 4 1 . 9 3 4
3 0 3 9 2 3 0 4 1 . 2 6 6
39 40 6 1 6 4 1 . 9 3 4
30t*1 2 0 0 6 3 . 6 5 6
30112 1 7 5 8 7 . 2 1 9
30 H3 2 8 9 2 3 . 2 3 8
3091) 2 5 6 6 6 . 2 7 3
3095 2 2 8 1 7 . 3 7 9
3096 36 20 6 • 0 6 6
3 04 7 2 4 5 0 0 , 0 4 3
3 09 8 1 9 4 3 5 . 4 6 5
30 99 4 0 6 0 5 . 0 8 6
3050 1 8 2 1 8 . 8 8 3
3051 1 6 4 8 1 .  102
3052 2 4 9 9 2 . 6 2 5
3053 2 1 2 7 3 .  1C 9
3059 1 9 3 3 2 . 2 8 9
3055 2 8 9 6 2 . 8 1 2
3056 2 8 8 6 2 . 2 7 3
3057 2 2 9 1 7 . 0 9 4
3 0 5 8 4 7 5 3 5 . 0 7 8
3059 2 1 5 3 2 . 7 4 2
3 06 0 1 9 4 9 7 . 2 7 0
3061 2 9 4 9 2 . 8 4 4
306 2 2 5 C 6 9 . 3 3 6
3063 2 2 7 9 8 . 7 4 6
3069 3 4 0 9 0 , 0 0 8
3065 2 7 6 0 9 . 2 1 5
3066 2 0 6 0 5 . 6 5 6
3067 4 8 7 4 6 . 5 6 2
30 68 1 8 6 7 3 , 2 5 8
3 06 9 1 6 6 5 6 . 6 3 3
3070 2 6 2 0 1 . 8 4 4
3571 2 2 7 4 0 . 7 8 9
3972 2 0 4 5 3 . 7 5 8
3073 3 1 4 8 9 . 2 2 3
3079 2 3 6 0 8 . 9 8 8
307 5 18430 , -953
3076 3 7 4 9 3 . 2 1 5
3077 1 7 4 0 1 . 9 4 1
3578 1 5 7 8 7 . 7 9 7
3 0 7 9 2 3 7 5 0 , 2 5 4
308C 20 1 3 7 , 3 6 3
3081 1 8 3 4 1 . 3 6 7
3C82 2 7 3 1 4 , uP8
303 3 2 5 6 0 6 . 9 2 6
3084 2 0 5 4 3 . 1 8 4
39H5 4 1 6 4 8 , 9 6 1
3086 1 ° 4 1 2 . 395
30«7 1 7 6 1 7 . 6 3 7
3068 2 6 4 8 0 . 4 3 4
3 08 9 2 2 4 4 0 . 4 4 1
3030 2 C 4 4 4 , 395
3091 3 0 4 2 4 . 5 8 6
3092 3 0 7 6 6 . 0 9 8
3 0 9 3 2 2 9 7 6 . 3C5
3 0  gu 5 9 2 6 2 . 3 7 1
3 0 9 5 2 0 8 3 2 . 1 6 0
3C96 1 8 5 6 6 . 3 9 1
30 37 2 9 2 2 1 . 1 9 5
3 0 9 8 2 5 3 5 9 . 0 0 9
3 9 3 9 2 2 8 0 7 . 6 3 3
3 1 0 0 3 5 C 9 9 . 1 2 1
3131 2 5 6 7 1 . 0 1 6
31 02 2 0 5 6 6 . 6 1 3
3 1 0 3 9 1 8 2 2 . B09
3 10 9 1 9 9 2 0 . 0 7 0
3 1 0 5 1 7 6 1 9 . 3 9 8
3106 2 6 5 1 1 . 9 9 2
31 37 2 2 9 7 0 . 2 5 8
31 08 2 0 9 6 6 . 7 5 0
3 1 3 9 3 0 9 7 6 . 9C6
31 10 2 8 5 5 0 . 0 1 0
31 11 2 2 9 0 7 . 3 9 8
3 11 2 9 6 9 2 8 . 1 2 9
31 13 2 1 6 9 8 . 0 1 6
311 9 1 9 6 9 7 . 1 9 5
3 1 1 5 2 9 5 3 7 . 5 2 7
31 16 2 5 0 2 2 . 9 8 8
3 1 1 7 2 2 7 9 7 . 2 8 5
311 8 3 3 9 2 3 . 9 8 0
3119 2 9 6 6 7 . 5 8 6
3 1 2 0 2 1 9 0 0 . 8 1 6
3121 5 9 2 2 9 , 9 7 7
3122 1 8 9 8 2 . 0 0 9
31 23 1 6 7 7 5 . 9 1 0
31 29 2 7 0 2 3 . 5 5 1
3 1 2 5 2 3 7 3 8 . 1 0 9
31 26 2 1 2 1 5 . 8 2 9
31 27 3 3 2 0 5 . 9 9 9
31 28 2 3 3 1 7 . 7 9 6
3 1 2 9 1 8 5 5 0 . 2 3 8
31 30 3 8 3 1 9 . 9 0 2
3131 1 7 9 9 8 . 2 5 8
31 32 1 5 6 0 5 . 6 8 0
313 3 2 3 8 8 1 . 5C9
313 9 2 0 2 8 6 , 9 5 3
3 1 3 5 1 8 9 5 5 . 6 7 6
3 1 3 6 2 7 5 7 1 . 5C8
3 1 3 7 2 6 7 1 0 . 3 5 5
3 1 3 8 2 1 3 0 8 . 5 5 9
3 1 3 9 9 3 7 9 1 . 8 3 2
3 1 9 0 2 0 0 7 3 . 6 6 9
3191 18 195.  258
3192 2 7 9 9 6 . 7 8 5
3 1 9 3 2 3 2 9 9 . 5 2 7
3 1 9 9 2 1 2 0 1 . 9 7 3
3 19 5 3 1 6 3 3 . 5 5 5
3 19 6 2 6 3 1 6 . 7 7 7
3 1 9 7 1 9 7 0 9 . 5 5 1
3 1 9 8 9 6 3 0 1 . 5 1 6
3 1 9 9 1 7 8 9 8 . 9 1 8
3151; 1 5 9 7 9 . 5 8 6
3151 2 5 3 7 9 . 5 0 0
3 1 5 2 2 1 7 9 1 , 0 1 2
3 1 5 3 1 9 5 6 6 . 7 3 0
240
3154 3 0 0 7 4 . 4 5 7
3 1 0 5 2 2 0 6 0 . 7 1 1
3156 1 7 6 8 2 . 9 3 7
315 7 3 5 9 1 9 . 2 0 7
3 1 5 6 1 6 7 0 1 . 6 6 8
3 1 5 0 1 5 1 5 4 . 6 6 4
316C 2 2 7 9 6 . 7 8 1
3161 1 9 3 1 8 . 3 4 0
3 1 6 2 1 7 5 9 7 . 3 7 5
316 3 2 6 1 9 8 . 1 7 6
3 1 6 4 2 4 4 8 2 . 9 1 4
3 1 6 5 1 9 6 5 2 . 2 7 7
3 16 6 3 9 7 9 3 . 8 3 2
3 1 6 7 1 8 5 7 6 . 1 2 1
3 1 6 8 1 6 8 6 0 . 7 2 7
3 1 6 9 2 5 3 4 2 . 2 7 7
317C 2 1 4 6 5 . 6 2 1
3171 1 9 5 5 8 .  141
31 72 2 9 C 9 8 . 3 1 6
3 1 7 3 2 8 5 1 9 , 0 6 2
3 1 7 4 2 1 3 6 4 . 9 9 2
31 75 5 0 1 5 3 . 2 4 6
31 76 1 9 4 0 5 . 9 8 4
31 77 1 7 3 2 7 . 1 4 8
3 1 7 8 2 7 1 8 7 . 9 2 2
3 1 7 9 2 3 5 6 5 . 8 2 4
3 1 eo 2 1 2 1 0 . 4 4 5
31 31 3 2 5 9 5 . 2 7 3
31 62 2 3 9 1 9 . 6 2 5
3 1 8 3 1 9 1 7 4 . 2 8 1
31 64 3 B 9 4 2 . 6 C 5
3 1 8 5 1 8 1 1 0 . 9 4 5
3 1 6 6 1 6 4 3 3 . 6 4 5
318 7 2 4 7 1 9 . 7 2 7
3 1 8 8 2 0 9 4 7 . 4 1 4
3 1 8 9 1 9 0 8 1 . 5 4 7
3 1 9 0 2 6 4 0 6 . 8 4 0
31 91 2 6 5 3 8 . 0 6 6
3 1 9 2 2 1 3 0 3 . 1 0 0
3 1 9 3 4 3 1 3 1 . 1 2 9
3 19 4 2 0 1 3 7 . 2 6 2
3 19 5 1 8 2 7 7 . 9 3 4
3 19 6 2 7 4 7 1 . 4 6 1
3 1 9 7 2 3 2 6 8 . 6 7 2
3 1 9 8 2 1 2 0 1 . 1 8 0
3 1 9 9 3 1 5 4 1 . 9 5 3
3 20 0 3 1 8 9 3 . 0 6 6
3201 2 3 0 1 1 . 6 4 0
32 32 5 8 2 7 e , 4 4 1
3 2 0 3 2 0 4 1 3 . 9 3 0
3 2 0 4 1 8 0 4 2 . 6 3 3
3 2 ,' 5 2 9 C 5 9 . 0 3 S
3 2 0 6 2 5 5 2 3 . 9 5 3
32 07 2 2 8 1 2 . 9 3 4
3 20  8 3 5 7 0 1 . 5 2 0
3 2 0 9 2 5 0 7 7 . 2 9 3
32 10 1 9 9 5 1 . 0 2 3
3211 4 1 2 0 3 . 6 3 7
3 2 1 2 1 8 7 6 6 . 3 5 5
321 3 1 6 9 9 9 . 8 9 8
3214 2 5 6 8 5 . 1 3 7
241
3 2 1 5 2 1 0 1 8 . 7 5 9
3 21 6 1 9 E 9 9 . 367
321 7 1 9 6 5 2 . 9C6
3 2 1 8 2 0 7 1 9 . 9 5 3
32 19 2 2 9 1 2 . 6 5 2
3229 97C 3 0 . 5 3 1
3221 2 1 5 0 5 . 2 7 3
3 2 2 2 1 9 5 6 5 . 5 7 9
3 2 2 3 2 9 5 1 3 . 1 9 1
32 24 2 5 0 9 7 , 9 0 8
3 2 2 5 2 2 7 9 8 . 0 9 0
3 22 6 . 3 9 0 1 9 . 3 2 9
3 2 2 7 28 3 0 5 . 9 1 9
3 2 2 8 2 1 1 9 0 . 2 7 3
3 2 2 9 9 9 7 9 5 . 9 3 9
3 2 3 0 1 9 2 5 0 . 6 5 6
323 1 1 7 1 8 6 . 9 8 8
3 2 3 2 2 6 S 7 3 . 9 7 7
3 2 3 3 2 3 3 8 3 . 0 7 9
32 39 2 1 C 9 9 . 6 8 9
3 2 3 5 3 2 3 9 5 . 6 8 0
3 2 3 b 2 3 7 2 7 . 9 9 6
3 2 3 7 1 9 C 1 9 . 0 5 1
3 2 3 8 3 8 6 3 2 . 7 9 7
32 39 1 7 9 6 3 . 6 9 9
3 2 9 0 1 6 2 5 9 . 8 1 6
32 91 2 9 5 1 9 . 3 3 6
3 2 9 2 2 0 7 7 8 . 0 0 8
3 2 9 3 1 8 9 2 7 . 0 3 5
3 2 9 9 2 8 1 7 7 . 6 2 5
3 2 9 5 2 6 3 3 2 . 0 8 2
3 2 9 6 2 1 1 3 6 . 6 9 5
3 2 9 7 9 2 7 9 9 . 1 8 7
3 2 9 0 1 9 9 7 9 . 2 9 3
3 2 9 9 18 1 3 9 . 3 9 0
3 2 5 0 2 7 2 5 6 . 9 8 e
3 2 5 1 2 3 0 8 6 . 9 9 6
3 2 5 2 2 1 ( 3 35 .9 91
3 2 5 3 3 1 2 9 6 . 1 9 8
3 2 5 9 3 0 6 6 5 . 2 1 9
3 2 5 5 2 2 9 7 3 . 3 9 8
3 2 5 6 5 3 5 2 6 . 0 2 3
3 2 5 7 2 0 8 6 7 . 1 0 7
3 2 5 8 1 0 6 3 1 . 9 9 9
3 2 5 9 2 9 2 3 9 . 7 7 3
3 2 6 0 2 5 3 3 9 . 7 6 6
3 2 6 1 2 2 8 0 7 . 1 9 1
3 2 6 2 3 5 0 9 0 . 6 7 2
3 2 6 3 2 5 7 2 0 . 7 9 6
3 2 6 9 2 0 6 1 8 . 1 7 6
3 2 6 5 9 1 0 7 9 . 6 7 2
32G6 1 9 9 7 9 . 0 2 0
3 2 6 7 1 7 6 7 1 . 2 2 7
326B 2 6 5 9 1 . 2 9 6
3 2 6 9 2 2 5 2 9 , 0 0 9
327C 2 0 5 1 6 . 9 6 5
3271 3 0 5 9 5 . 9 1 8
3 2 7 2 2 8 5 3 5 . 7 8 1
3 2 7 3 2 2 9 0 6 . 9 0 6
32 79 9 6 3 7 7 . 6 0 9
3 2 7 5 2 1 6 5 3 . 2 7 0
3 27 6  19653.96(4
3277 29539 .551
3278  2 5 C 2 0 . 3 5 2
3 2 7 9  2 2 7 9 7 . 2 2 7
3 28 0  33 916 . (4 26
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APPENDIX 4-B 
OPTIMAL INSPECTION PLAN FOR GENERAL MODEL 
WITHOUT QUALITY AND EFFORT LIMITATION
In p u ts :  NS : Number o f  p ro d u c t io n  s ta g e s
SO : I n i t i a l  amounts o f  in p u ts
T ( i )  : Expected  p ro d u c t io n  f a i l u r e  r a t e  a t  p ro d u c t io n
o p e r a t io n  s t a g e  i
CP(1) : U n it  p ro d u c t io n  c o s t  a t  p ro d u c t io n  o p e ra t io n  s t a g e  i
C I ( i )  : U n it  i n s p e c t io n  c o s t  a t  p ro d u c t io n  o p e ra t io n  s t a g e  i
CR(i) : U n it  r e p a i r  c o s t  a t  p ro d u c t io n  o p e r a t io n  s ta g e  i
CD(i) : U n it  d i s p o s a l  c o s t  a t  p ro d u c t io n  o p e r a t io n  s t a g e  i
CS(i) : U n it  s a lv a g e  v a lu e  a t  p ro d u c t io n  o p e ra t io n  s t a g e  i
CH(i) : U n it  h a za rd  c o s t  p e r  u n d e te c te d  i tem  in  s t a g e  i
to  t h e  n ex t  p ro d u c t io n  o p e r a t io n
B (i)  : I n s p e c t io n  e f f i c i e n c y  f o r  th e  d e f e c t iv e  item  in  s t a g e  i
G (i)  : P r o b a b i l i t y  o f  m is ta k in g  a good i tem  as  a bad one
one i n  s ta g e  i
O u tp u ts :  1. Optimal I n s p e c t io n  P lan
2. Optimal u n i t  c o s t  pe r  f a u l t - f r e e  i te m  in  th e  f i n a l  
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I N N  
C  o  el e o o
0ft*®0©*»n'4'™aif,0fita*
OO 0 0 0 0 0 0 0 0 9 0 0  0 O0OQOQO0OOOC1
f e ̂  n - a
*  3 S 3 3 3
o n i o i r o  
OO 3 0  CO
F o i l  T i t  UK I T  U 1 UK L E A S E  2 . 0  HAIM DATE •  7 7 1 6 9  14/ 6 9 / 3 3
G 0 4 5 AQ |K) • P { K - I )  •  ( t . - E ( I ) )
0 0 4  6 PA (K) -AD( X)
0 ) 4  7 SA(K)  *S CM2
00411 C(K)-*S ( K ) M C P ( l )  * C I  ( I )  * 8 0  (X) * C P G ( I )  * H B ( X ) * C R ( I >  *PA ( K ) * C H ( I ) |
0 0 * 9 CO TO 9 9
00 s o 6 XK“ K *1
0 0 S 1 n k * hx/ 3
0 0  52 S [ K ) - 5 A  (NX)
OOSJ P (K) “ PA [NX) * (1 . - P A  (MR) |  * 7 ( 1 )
0 0  5* P A ( K ) - P ( X )
0 0  55 SA (X) “ S (K)
OuSEi C( K)  . S ( K )  •  (CP ( I |  >PA( R)  * 0 1 ( 1 ) )
OnST 9 9 CONTINUE
01)60 3 C0MT1HUE
C UNIT COST COflPUTATCOM
0*j54 M1“ 1 * * M S - ( 3 * + B S " 1 J / 2
0 ) 6 0 K2- 3* «MS*  l ) * * M S - 1 ) / 2
0 0 6 1 UD 11 R - X 1 . H 2
0 0 6 2 CT*C (K)
0 ) 6  ) RF- X
0 0 6 * 13 x r = ( * p * i ) / 3
0 0 6 6 i r  < x r .  b o .  i )  g o  t o  12
0 0 6 6 CT- CT*C (XP)
0 0 6 7 CO TO 13
OOCU 12 CH (X) -SA (XI M I . - P A ( K I )
0 0 6 9 UC (K) - CT/ GM (K)
0 9 7 0 11 C0XT1MUE
C SIAHCH FOB THE OPTII IAL I XSP I CTI OM ALTBRNATITE
0 0  71 N l l - N I ' 1
0 ) 7 2 t ) t>UC (Ml)
0 0 7 1 U2 - UCI H1 1 )
a o i * 17 I P  (U 1 - 0 2 )  1 4 , 1 5 , 1 5
0O7S 14 COA-IIC (Ml)
0 J I 6 MOA-H1
0 0 7  7 R 1 1 - H 1 1*1
30  7 W n 2 > < l C( Ml l )
0 0 7 9 GO TO 16
r xion 15 COA-UC (H 11)
OOH 1 NOA“ N11
iiOHJ N I - H 1 1
n u n  > N 1 1 - M 1 H 1
1)004 0 I - U 2
GOBS U2 - » C  ( H i t )
1)0*6 16 i r < H 1 1 - M 2 )  1 7 , 1 7 , 1 8
■70a7 18 MRITK( 6 , 6 1 2 )  COA
UOtlll 6 1 2 l U H I U n / , 2 ( ,  'BINIHUI1 II MIT COST » ■ , 2 1 , F 1 0 , 2 , / / )
C PIUTE OUT THE OPTIHAI.  I NSPECTI ON PLAN
0 6 0 ) MRI TE( 6 , 6 6 6 )
0  11.1 6 b6 rORBAT ( ) I , ' S T A G E * , 9 1 , ' ACTION1 , / )
0 0 9  1 I - MS
6 0 9  2 Ni-WIM
0 0 9  1 24 H2“ H1 / J
0 0 9 * n 2 ° h 2« )
0 0 9 5 NH“ H 1“ N2
9 ) 9 6 I F ( H U - 1) 2 0 ,  2 1 ,  22
0 0 9  7 . 20 HR I TC ( 6 , 6 2 0 ]  I
0 0 9 0 620 Pl lkf tAr  ( 2 X .  L5,  1 1 ,  • IMSl 'FCT AND D I S P O S E ' )
0 u 9 9 CO Tl) 2 3
FORTRAN I V  G 1 RELEASE 2 . 0  MAIN DATE = 7 7 1 6 9  1 H / 5 9 / 3 3  PAGE 0 0 0 3
0 1 0 0  21 H R I T B ( 6 , 6 2 1 )  I
0 1 0 1  62 1  FORMAT ( 2 l , l 5 , 3 X , ' I N S P E C T  AND REPAIR ' )
0 1 0 2  GO TO 23
0 1 0 3  22  HRITE( 6 , 6 2 2 )  I
0 1 0 4  6 2 2  F O R n A T ( 2 * , I 5 , 3 X , ' H C  INSPECTION' )
0 1 0 5  23  1 = 1 - 1
0 1 0 6  I F ( I . E f l . O )  GO TO 25
0 1 0 7  N 1 = ( N l * 1 ) / 3
0 1 0 0  GO TO 29
0 1 0 9  25  STOP
0 1 1 0  END
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■ t r i e r *  o r  F J o c u c T t o i t  s u e r s *  7 
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h 0 . 1 C J S . .  • l O . O O l l u 1 . 1 5 U 0 C 0 . 0 5 3 C J 5 . 0 0 C 0 C
7 f . * - 6 l 0 :  2 2 . C J 0 3 C t . c n i o a C . 6 6 0 0 0 6 . 0 0 0 0 0
n l N I H U I  11*11 COST * 1 9 3 . 7 7
s t a g s  a c t i c b
7 m s r r c r  a i i d  p e f a i p
6 HO 1HEPSCTIO*
9 m S f E C T  ABE 6 EF AI 8  6 97 iBSirCTIt)!!
1 HC IHSTECTICB
2 IB SPECS AMD FEPA18 
1 HO I ASPECT ICH
BEPAIRtKG IHSPECTIOB EEUCEMCT GOOD ITE1 HAEAFO 
cost BCFECTIYE COOB 8ECHEC* COST COST
1 8 . D 1 0 0 C
9 0 . 0 0 0 0
8 0 . 1 0 0 0 0
120.10000
1Q0 . 1 C0 0 C
16 C. 0C0CC
1 6 0 . 0 0 0 0 0
0 . 9 5 0 0 0  
0 . 9 1 0 0 0  
0 . 9 0 0 0 0  1.9C0C0 
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0 , 8 5 9 6 0  1.85000
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0 . 9 3 U 0 0  
0 . 0 9 0 0 0  
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2 .00000
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2 . 8 0 0 0 0
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6 .0 0 0 0 0  
7 . 0 0 0 0 1  
9.QCOOO 
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8 0 . C 6 0 0 0
APPENDIX 4-C 
OPTIMAL INSPECTION PLAN FOR GENERAL MODEL 
WITH QUALITY AND EFFORT LIMITATIONS
I n p u t s :  NS : Number o f  p ro d u c t io n  s t a g e s
SO : I n i t i a l  amount o f  i n p u t s
T ( i )  : E xpec ted  p ro d u c t io n  f a i l u r e  r a t e  a t  p ro d u c t io n
o p e r a t i o n  s t a g e  i
C P(i) : U n it  p ro d u c t io n  c o s t  a t  p ro d u c t io n  o p e r a t io n  s t a g e  i
C I ( i )  : U n it  i n s p e c t i o n  c o s t  a t  p ro d u c t io n  o p e r a t io n  s t a g e  1
CR(i) : U n it  r e p a i r  c o s t  a t  p r o d u c t io n  o p e r a t io n  s ta g e  i
CD(i) : U n it  d i s p o s a l  c o s t  a t  p ro d u c t io n  o p e r a t io n  s t a g e  i
C S(i)  : U n it  s a lv a g e  v a lu e  a t  p ro d u c t io n  o p e r a t io n  s t a g e  i
CH(i) : U n it  h a z a rd  c o s t  p e r  u n d e te c te d  i tem  in  s t a g e  i  to
th e  n e x t  p r o d u c t io n  o p e r a t io n
B ( i )  : I n s p e c t i o n  e f f i c i e n c y  f o r  th e  d e f e c t i v e  i tem  in  s t a g e  i
G (i)  : P r o b a b i l i t y  o f  m is ta k in g  a  good i tem  as  a bad one in
s t a g e  1
O u tp u ts :  1 . O ptim al I n s p e c t i o n  P lan
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M M f t  1 ft ft "b*
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O O O C  
O  G  O  O
*- x  
o o
O  9  
O  9
^ ri ^ * ^ cr< 9 3 & « * p i'i a u"i O
^  — *. » p- ^  ^ ft. — ,N *"4 IN -s r*r*
e o r o n e  o a o o o o  o r o© C 0 9 0 9 0 9 9 0 0 9 0  9 0 0 '
p b ^ a i a r - * N ,™'a<.,,'-«;rk — r
o c s o e ^ c ^ o e f f^ c0 0 0 9 0 0 0 0 0 0 9 0 0
9  — IN *
a a a a a
o e r  o o
o & o e o
H i u r i U N  I *  0 1  R E L E A S E  2 . 0  ' WAIN '  DATE *  7 7 1 6 9  1 9 / 5 5 / 1 0  P A G E  0 0 0 2
0 0 9  5 u c i k ) i | 1 . * p | k- i ) ) * g i i )
0 7 0 6 A D | A | > F ( X - 1 | * { 1 . - 0 ( 1 ) 1
DON 7 P A ( M * A U ( K )
oo mi SA (N) * 5  IK)
0 1 9 1 C ( * |  - 5 ( H ) *  (CP ( I )  * C I  ( I )  * a u  (K) *CHG ( I )  *NB (A) NCR ( I )  »FA (K) *CH ( 1 ) )
O-JSO GO TO 99
0 0 5 1 6 H A-K *1
0 0 5 2 N6»NK /3
0 5 0  J S ( K ) - S A ( N K )
0 0 5 9 P (X )> P A (K K )  » ( 1 . ' P A ( B K ) ) > T ( I )
DOSS PA ( A ) - P ( K )
0 0 0 5 3A(KJ - S ( N )
0 0  5 7 q (K) - S I N )  • ( C P ( I )  *P A (N |  * C I I t* l  1
oo sa 9 9 COHTtHttE
QOS'I J CONTINUE
noho CALL QUALCP ( N S . P A . . O S )
0 0 6 1 CALL Q1HACP ( N S . J )
C UNIT COST COMPUTATION
0 0 6 2 B 1 * 1 * » N S - ( 3 » » N S - 1 ) / 2
0 0 6  1 » 2 * J * * » S *  ( 3 * * N S - l ) / 2
0 ) 6 0 H 2 1-H 2 »  1
0 0 6 6 • U C ( N 2 1 ) * 0 .
0 0 6 6 00 11 N -M 1,N 2
1067 CT*C (K )
0O6U xr>K
, 9 0 6 1 13
CO JO i r  ( K P .E Q .  1) GO TO 12
0 0 7 1 C T * C T * C (K r)
0 1 7 2 GO TO 13
0 0 7 1 12 U H ( X ) > S A [ K ) M 1 . - P A ( K ) I
0 0 7 * DC (A) » C T /C K ( K |
0 0 7 5 11 CONTINUE
C 5EAKCII ruH THE OPTIMAL IN SPEC T ION  ALTERNATIVE
0 0 7 6 ‘n h *ni * i
0 0 7 7 U1<UC(H1)
0 0 7 0 U 2 * IIC (N 1 1 |
0 0 7 0 17 I P  (11 1-U2) 1 6 . 1 5 . 1 5
00(10 1A COA*IIC (H I)
0 0 0 1 NOA-N1
0 0 0 2 N 1 1 * H 1 1 H
OOUJ U 2>UC(N11)
0 0  o* GO TO 16
0 0 0 5 15 C O A - U C ( N l l )
0 0  on N n A . H l l
0 0 0 7 N 1-N11
ooau N I1 = N 1 1 * 1
OOtt'J U1-U2
0 0  'JO 112* IJC ( N i l )
0 0 7 1 16 i r ( N 1 1 > K 2 )  1 7 , 1 7 , IB
0 0 9 2 I S U R I T E ( t > ,6 1 2 |  COA
0 0 9  1 6 1 2 r i l H n A T ( / , 2 X .* t l I K I ( 1 U I I  URIT COST » * , 2 X , r t f ' , 2 , / / )
C RBITB OUT THE CPTIBAL INSPECTION PLAN
06'19 U R 1 T E ( 6 , 6 6 6 J
0 0 9 5 6 6 6 rORNAT( 7 1 , ‘ STA GE*. 9 1 , * A C T I O N * , / )
0 ) ' I6 I  *NS
0 0 9 7 NI*NOA
DOB 2 9 N 2 * N l / 3
0 0  9 ’I N 2*N 2*1
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FORTHAH IV G1 RELEASE 2 . 0  MAIN DATE
0 100 NR=H1-N2
4101 IF (HR-1) 20 ,  21 ,  22
0102 20 WRITE(6 ,6 20 )  I
0103 620 FORMAT( 2 1 , 1 5 , 3X,'INSPECT AHD DISPOSE1}
0104 GO TO 23
4105 21 WRITE(6 ,6 21)  I
0106 621 FORMAT( 2 1 , 1 5 , 3 1 , * INSPECT AHD REPAIR')
0107 GO TO 23
01CB 22 HRITE (6 ,6 22 )  I
0109 622 FORMAT( 2 1 , 1 5 , 3 1 , ' NO INSPECTION')
0110 23 1*1-1
0111 I F ( I . E Q , 0) GO TO 25
0112 N1=(Hl*1) /3
0113 GO TO 24
0114 25 STOP
0115 END
7 7 1 6 9  1 9 / 5 5 / 3 8 PAGE 0 0 0 3
FOHTRAK IV (II RELEASE 2 . 0 QUALCP
0 0 0 1  SUBROUTINE QUALCP (NT ,PQ,
0 0 0 2  DIHBHSIOH P Q f3 S 0 0 )
OOOJ COMHOH C Q ( 3500 )
0 0 0 9  M L > 3 * * H T - ( 3 * * H T - 1 ) / 2
0 0 0 5  NU=*3**NT * ( 3 * * N T - 1 ) / 2
0 0 0 6  DO 0 2  K=HL,NT1
0 0 0 7  I P ( P Q ( K ) - P R )  8 2 , H 2 , 8 3
000f t  03  CQ (K) 1=1000000 .
0 0 0 9  02 COHTIHUB
0 0 1 0  BBTURH
0 3 1 1  BHD
DATE = 7 7 1 6 9  1 9 / 5 5 / 3 8  PAGE 0 0 0 1
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FORTRAN IV G1 RELEASE 2 . 0 BIHACP
0 0 0 1  SUBROUTINE BIHACP (NT,(IS)
0 0 0 2  DIMENSION J V ( 1 0 |
0 0 0 3  COKHON CD (3 5 0 0 )
0 0 0 1  N L = 3 * * N T - ( 3 * * N T - 1 | / 2
0 0 0 5  N U = 3 * * N T + ( 3 * * N T - 1 ) / 2
0 0 0 6  DO 60  K=NL,N(I
0 0 3 7  I=NT
0008 K1 =K
0 0 0 9  6 5  K2=K1 / 3
0 0 1 0  K3=K2*3
0 0 1 1  KD=K 1-K3
0 0 1 2  I P ( K D - I )  6 1 , 6 1 , 6 3
0 0 1 3  61 JN ( I )  =1
0 0 1 9  1 = 1 - 1
0 0 1 5  K1=K2
0 0 1 6  GO TO 69
0 0 1 7  6 3  '  JW ( I )  =0
0 0 1 8  1 = 1 - 1
0 0 1 9  K1=K2+1
0 0 2 0  69  IF  t l - 11 6 6 , 6 5 , 6 5
0 0 2 1  6 6  JT=0
0 0 2 2  DO 67  1 = 1 , NT
0 0 2 3  67 J T = J T * J H ( I )
0 0 2 9  I F  ( J T - N S )  6 8 , 6 0 , 6 9
0 0 2 5  69 CB ( A ) = 1 0 0 0 0 0 0 .
0 0 2 6  6 8  CONTINUE
0 0 2 7  RETURN
0 0 2 8  END
DATE = 7 7 1 6 9  1 9 / 5 5 / 3 8  PAGE 00 01
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N I I H ' L R  C F  f F K t H i - :  I C 1  T T J C I S *  7  
t u n  H I  3  O F  I N 1 1 N I A L  I K I U 1 S -  1 ' 0 0 . 0 0
PRO L1 BCT ION PRODUCT ION PRODUCTION INSETCTICN C ISFPSIN G SALVAGE
STAGE FAILURE DAT!! CCST CCST COST VALUE
1 9 . 7 lO t* 1 5 . 3 6 0 0 0 0 , 9 0 5 0 0 0 . 0  1090 6 . 5 C 9 0 0
I 0 . « 5 V , ‘ lo . J O C C O 1.0C C5C 0 . 6 1 9 0 0 1 . 0 0 0 4 0
3 7 . n p * ) „ 2 9 . 0 7 5 3 4 1 . 2 0 C 0 6 0 , 0 2 0 0 0 2 . 0 6 0 7 0
4 C . 9 9 0 S ' 2 6 . 3 7 0 7 0 C.SCOOC 0 . 3 3 0 0 6 3 . 0 0 0 0 0tt " . C I O C i I B .  3 3 0 3 0 I . IC O 'J O 0 . 0 4 0 0 6 1 . 0 0 0 0 0
6 I . 1 7 1 T  • 1 C . 9 7 6 0 6 1 .1 5 U 0 G 0 . 0 5 0 C C S.COOOO
7 o . r . t c v 2 2 .1 /3 0 3 0 1 . 0 0 0 0 0 0 . 0 6 0 0 3 6 . 0 0 0 0 0
SI NI hUN I1SIT l c s t  ■ 1 9 3 . 7 7
STAG! ACTION
7 INSPECT AND REPAIR
6 NO INSPECTI ON
'  INSPECT AND H tP A I S9 no insftcticv
3 VO INSPECTtov
7 INSPECT AND FEPAIB 
1 NO INSPECTION
PEPAIRIHG INSPECTION ET FIC IE N C T COCD 1TEN MAXAEC 
COST DEFECTIVE CODE RECIIECK COST CCST
1B.CC0Q 0 
( 1 0 .0P C 00  
00.00000 
1 2 0 .0C 0 Q Q  100,00000 
i b p . o o o o p  
1 6 0 . 0 0 0 0 0
0 . 9 5 0 0 0
0 . 9 0 0 0 0
0 . 9 9 0 C 0
O.9CO0OO.BSOOO
0 . 0 5 0 0 0
0 . 0 5 0 0 0 '
0 . 0 7 3 0 0
O .U 3 0 0 0
0 . 0 9 0 9 0
0 . 0 9 0 0 b
0 . 0 9 0 0 00.05000
o . o s o o o
0 . 4 0 0 0 0
2 . 0 0 0 0 0
2 . 4 0 0 0 0
1 . 6 0 0 0 0
2 . 8 0 0 0 0
2 .00000
6 .20000
5 . 0 0 0 0 0
6 . 0 0 0 0 0
7 . 0 0 0 0 0
4 . 0 0 0 0 0
9 . 0 0 0 0 0  
1 6 . 0 0 0 0 0  
4 0 .0 C 0 C 0
APPENDIX 4-D
OPTIMAL INSPECTION PLAN FOR REVISED GENERAL MODEL 
WITH QUALITY AND EFFORT LIMITATIONS







Number o f  p ro d u c tio n  s ta g e s  
I n i t i a l  amount o f in p u ts
E xpected p ro d u c tio n  f a i l u r e  r a t e  a t  p ro d u c tio n  
o p e ra t io n  s ta g e  i
U n it p ro d u c tio n  c o s t  a t  p ro d u c tio n  o p e ra tio n  s ta g e  i
U n it c o s t  to  recheck  a good item  in  s ta g e  i
U n it d is p o s a l  c o s t  a t  s ta g e  i
U nit sa lv a g e  v a lu e  a t  s ta g e  1
U nit In s p e c tio n  c o s t  a t  s ta g e  i  g iven  th a t  th e  
im m ediate ly  p rev io u s  in s p e c tio n  i s  a t  s ta g e  j
C R ( l , j ) :  U n it r e p a i r  c o s t  a t  s ta g e  i  g iven  th a t  th e  d e fe c t iv e
i s  caused  in  s ta g e  j
B ( i)  : In s p e c tio n  e f f ic ie n c y  a t  s ta g e  i
G (i)  : P r o b a b i l i ty  o f  m is ta k in g  a good item  as a  bad one in
s ta g e  i
Minimum q u a l i ty  req u irem en t
Maximum number o f  in s p e c tio n  s t a t io n s
O u tpu ts: 1. Optim al In s p e c tio n  P lan
2. Optim al u n i t  c o s t  p e r f a u l t - f r e e  item  in  th e  f i n a l  p ro d u c ts
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FORTH All IV G1 RKLBAS E 2 . 0  BAIN DATP, = 7 7 1 7 0  1 4 / 1 0 / 1 7
0 3 0 1 DIMENSION T ( 6 ) ,  C P ( 6 ) ,  C H f i ( G ) ,  CD(6)  ,  CS (6 )  ,  CH (6 |  ,  C B ( 6 , 6 ) ,
* C I ( 6 , 6 ) ,  P ( 1 1 0 0 ) ,  PA (1 10 61  ,  S ( 1 1 0 G > ,  S A ( 1 1 0 0 ) ,  P D ( 6 , 1 1 0 0 ) ,  P D A( 6 ,  
* 1 1 0 0 ) ,  A B ( 6 , 1 1 0 C )  ,  RD ( 6 , 1 1 0 0 )  , H D D ( I I O O ) ,  A B D ( 1 1 0 0 ) ,  B ( 6 ) ,  G ( 6 ) ,  
* T A 0 (1  1 0 0 ) ,  TRB (11 0 0 )  ,
*AG ( 1 1 0 0 )  ,  H G ( 1 1 G 0 ) ,  P P ( 1 1 0 0 ) ,  P P A { 1 1 0 0 ) ,  U C ( 1 1 0 0 ) ,  GN{1100)
0 0 0 2 common C ( 1 1 0 0 )
0 0 0 3 READ( 5 , 5 0 1 )  NS,  SO
0 0 1 4 501 FORMAT( 1 5 , FI  0 . 2 )
0 0 0 5 WRITE( 6 , 6 0  1) NS, SO
000(1 601 FORMAT( 2 X , * NONBER OF PRODUCTION STAGES = ' ,  I 5 , / , 2 X , ' I N I T I A L  ABOUN 
*T OF INPUT = * , F 1 5 . 2 )
0 0 0 7 WRITE( 6 , 6 9 9 )
0 0 1 0 6 9 9 FORMAT( / / , 1 X , ' P R O D U C T IO N ' , IX , 'P RO DU C TIO N * , I X , • PRODUCTION' , I X , 'GOOD 
♦ I T E M * , 3 X , ' D I S P O S A L ' , 2 K . ' S A L V A G E ' , 3 X , ' HAZARD' , 3 K , ' I N S P E C T I O N  E F F I C I  
•  BNCY* , / , 4 X , ' S T A G E ' , 2 X , • FAILURE R A T E ' ,  3 X , 'C O S T  • ,  3X,  • RBC1IECK C O S T ' , 4  
♦ X , ' C O S T ' , 4 1 , ' V A L U E * , 5 X , ' C O S T ' , 6 X , ' G 0 0 D * , 4 X , ' D A D * , / )
00  39 DO 1 1 = 1 , NS
0 0 1 0 READ ( 5 , 5 0 2 )  T ( I )  ,  C P ( I ) ,  C R G ( I ) ,  C D ( I ) ,  C S ( I ) ,  C H ( I ) ,  B ( I ) ,  G ( I )
on 11 5 0 2 FORMAT (8F1<) .  2)
0 0 1 2 WRITE ( 6 , 6 0 2 )  I .  T ( I )  ,  C P ( I ) ,  C R G ( I ) ,  CD ( I )  ,  C S ( I ) ,  C H ( I ) ,  B ( I )  ,  
* G ( t )
0 0 1 3 60 2 FORMAT ( 2 X , I 3 , 6 X , 8 F 1 9 . 2 )
0 0 1 4 1 CONTINUE
0 0 1 5 WRITE( 6 , 6 9 8 )
0 0 1 6 6 9 8 FORMAT( / , 3 1 , ' INSPECTION COSTS'  , / ,  1 2 X , * 1 ' , 9 X , * 2 ' , 9 X , ' 3 ' , 9X , * 4 '  , 9X,  ' 
* 5 ' , 9 X , ' 6 ' , / |
0 0 1 7 DO 3 1 = 1 , NS
0 0 1 0 READ (5  ,  50  3) ( C I ( I , J ) ,  J = 1 , N S )
0 0 1 9 50 3 FORMAT (6  F1 0 .  2)
0 0 2 0 IA = I -  1
0 0 2 1 HR ITE  (6  ,  69.3) I A ,  ( C l  ( I , J )  ,  J = 1 , N S )
0 0 2 2 60 3 FORMAT( I X , 1 2 , 2 1 , 6 F 1 0 . 2)
0 0 2 3 3 CONTINUE
0 0 2 4 WRITE ( 6 , 6 9 7 )
0 0 2 5 6 97 F O R M A T ) / / , 3 X , ' R E P A I R  C O S T S ' , / )
00  26 DO 2 1 = 1 , H5
0 0 2 7 READ ( 5 , 5 0 3 )  ( C R ( I , J ) ,  J=*1,NS)
0 0 2 0 WRITE ( 6 , 6 0  3) I ,  ( C R ( I , J ) ,  J = T , H S )
0 0 2 9 2 CONTINUE
00  10 P ( 1 ) = 0 .
00  31 PA (1 )  =P  (1)
00  32 S ( 1 ) = S O
0 0 3 3 SA ( 1 ) =S (1)
0 0 3 4 P D ( 1 , 1 ) = 0 .
0 0 3 5 PDA (1 ,  1) = PD ( 1 ,  1)
03  36 P P ( 1 )  = 0 .
0 0 1 7 P P A ( 1 ) = 0 .
00  3(1 N= 1
00 19 DO 4 1 = 1 , NS
00 4  0 4 H=N* 3**1
0 04 1 DO 5 K=2,N
C DETERMINE THE STAGE
0 0 4 2 A = K
00 4.1 Z 1 = A * 2 . - 1 . * . Q 1
00 4 M 1 = I N T ( ALOG ( Z 1 ) / A L O G ( 3 . ) )
C DETERMINE THE ACTION
004  5 N l = K / 3
0 0 4 6 N 1 = N1* 3
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FURTHAN IV r,1 RELEASE 2 . 0  (IAIN DATE = 7 7 1 7 0
0 0 4 7 NR=K-N1
0 0 4 8 I P  (K H - 1) 1 9 ,  1 1 ,  12
0 0 4 9 12 NP=<IU1)  / 9
0 0 5 0 PI) ( I , K )  = ( 1 . - P A  ( N P ) ) * T ( I )
0 0 5 1 1 1 = 1 - 1
0 0 5  2 DO 121 J = 1 , I 1
0 0  53 121 PD ( J , K )  =PDA ( J , B P )  * (1 )
0 0 5 4 PP (K) = PPA (HP)
0 0 5 5 DO 122  0 = 1 , t l
0 ° 5 6 12 2 PP (R) = PP(K )  +PDA ( J , N P )  * T (1 )
0 0 5 7 P (K) = P P (R )
005(1 DO 123 J = 1 , I
0 1 5 9 1 2 3 P (K) = P ( K ) * P D  ( J , K )
006U S ( K ) = S A ( N P )
0 0 6 1 DO 124 J = 1 , I
0 0 6 2 124 PDA ( J ,  (!) = P D (J  ,  K)
00  63 P P A ( K ) = P P ( K )
0 0 6 4 S A (K ) = S (K )
0 0 b 5 PA<K) = P(K)
0 0 6 6 C (K)=S  (K|  * C P ( I )  *SA <K) *PA (K) *CH ( I )
0 0 6 7 GO TO 5
0 0 6 8 10 PP(K)  =PP (K - 1 )
0 0 6 9 P ( K ) = P ( K - 1 )
00 70 S (K)=S  ( K - 1 )
0 0 7 1 DO 101 J = 1 , I
0 0 7 2 101 PD ( J ,  K) =PD ( 0 , K - 1 )
007.3 AG(KJ = ( 1 .  - P ( K )  ) * < 1 . - G ( I )  )
0 0 7 4 RG<R) = ( 1 . - P ( K ) ) * G ( I >
0 0 7 5 DO 102 J = 1 , I
00 76 A D ( J ; K ) = P D ( . I , K - 1 )  * ( 1 . - B ( I > )
0 0 7 7 1 02 R 8 ( J , R ) = P D < J , K - 1 )  * B ( I )
0 0 7 8 ADD(K) = P P (K )  * ( 1 . ~ B ( I ) >
0 0 7  9 R B D ( R | = P P ( K )  * B ( r )
0 0 8 0 TAB (K|=ADD (K)
0 0 8  1 DO 103 J  = 1 , I
0 0 8 2 10 3 TAB (K) = T A U ( K ) * AD ( J , K)
0 0 8 3 TAC=TAB(K) »AG (K)
00  84 TR9  (R) =RBD (K) *RG ( I )
0 0 8 5 DO 104 J = 1 , I
0 0 8 6 104 T8B (K)=TRB<K)*RB ( J , K )
00  07 DO 105 J = 1 , I
0 0 8 8 1G5 PDA ( J ,  R) =AU ( J „ K ) / T A C
■3 0 B 9 PPA(K) =A B D (R ) / T A C
0 0 9 0 PA (K) =PPA (It)
0 0 9 1 DO 136 J = 1 , I
0 0 9 2 1 06 P A ( K ) = P P A ( K) *PDA ( J , K )
9 09  J SA (K)=S  (K) *TAC
C DETERI1INE THE IMMEDIATELY PREVIOUS INSPECTION POINT
0 0 9 4 R 1 = R /  3
0 C 9 ‘j 107 I F  ( K 1 . E Q . 1) GO TO 108
0 0 9 4 K2=K1 / 3
00  47 K2=K2* 3
0u 9 l l KR = K1-K2
On 99 I F  ( K R . E 0 . 2 )  GO TO 104
010C A = K 1
0 101 Z 1 = 2 . * A - I . - . 91
0 102 I P  = IN T(A LO G ( Z 1 ) /A L O G ( 3 • )  ) *1
0 10 1 GO TO 1010
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FORTRAN IV «1 RELEASE 2 . 0  MAIN DATE * 7 7 1 7 0  1 6 / 1 0 / 1 7
0 106 109 K 1 = ( K U 1 ) / 3
(1105 GO TO 107
0 1 0 6 108 i p = i
0 1 0 7 1010 C(K)=S (K )  * C P ( I )  t S ( K )  * C l  (T P ,  1J *SA (K) *PA(K) *CH ( I )  *S (K) *TRB (K) ♦ 
* ( C D ( I | - C S ( I ) )
0 1 0 8 GO TO 5
0 1 0 9 11 PP(K) = PP ( K - 1)
0 110 P {K} =P (K- 1)
0 1 1 1 S ( K ) = S ( K - 1 )
(1112 RG(K) = BG (K-1 )
0 1 1 3 AG (K) = AG (K-1 )
(1119 DO 111 j = i , r
0 1 1 5 P D ( J , K ) = P 0 ( J , K - 1)
0 1 1 6 AU(J ,K)  =AH ( J , K - 1 )
0 1 1 7 111 DO ( J , K )  = RB( .1 ,K-1 )
0 1 1 8 ADD(K)=AQD (K-1 )
0 1 1 9 R8D(K)=RDD(K-1 )
0 1 2 0 TAB(K)=TAB<K-1)
0 1 2 1 TRB(K)=TBD(K-1 )
0 1 2 2 TAC=1. -RBD'(K)
0 1 2 3 DO 112 .1=1 r I
0 1 2 8 112 PD A(J ,K)=AB ( J , K ) / T A C
0 1 2 5 PPA(K) =ADD(K)/TAC
0 1 2 6 PA(K) =PPA(K)
0 1 2 7 DO 113 J = 1 , I
0 1 2 8 113 PA(K) = P A ( K ) +  PDA(J , K)
0 1 2 9 SA(K) =S( K) *T A C
01 30 TBC=0.
0 1 3 1 DO 11B J = 1 , I
0 132 118 T R C = T R C * H B ( J , K ) + C R ( J , I )
01 33 C (K )= S (K )  *CP ( I )  * S (K) * C I ( I P , I ) + S A ( K ) * P A ( K ) * C H ( I ) * S ( K )  +HG (K) *C RG( I )
* * T H O S  (K) *B8D (K) + (CD ( I )  -C S  ( I )  J
0 1 3 6 5 CONTINUE
01 35 CALL QUALCP ( N S , P A , . 0 5 )
0 1 36 CALL DIHACP ( N S , 3)
C UNIT COST COMPUTATION
01 17 N 1 = 3 * * N S - ( 3 + + N S - 1 ) / 2
01 18 N 2 = 3 * * B S * ( 3 * * N S - 1 ) / 2
01 19 N21=H2+1
0 1 6 0 DC ( N 2 1 ) = 0 .
0 1 6  1 DO 31 K=N1,H2
3 1 6 2 CT=C(K)
0 1 6 3 KF=K
0 1 6 6 33 KF= (KF* 1) / 3
0 1 6 5 I F  (KF.  BQ. 1) GO TO 32
9 1 6 6 CT=CT*C(KF)
9 1 6 7 GO TO 33
916(1 32 UH(K) =SA(K>*  ( 1 . - P A ( B ) )
0 169 UC(K) =CT/UN (K)
0 1 5 0 11 CONTINUE
c SEARCH FOB TUB OPTIMAL INSPECTION ALTERNATIVE
0 151 N11=N1♦1
0 1S2 II1=UC (Ml)
0 1 5 1 l)2 = UC ( N 1 1)
0 156 17 I F ( U 1 - U 2 )  1 6 , 1 5 , 1 5
0 155 16 Cl)A = IIC («1)
0 1 5 6 NOA=N1
9 1 5 7 N11=N11* 1
FORTRAN IV t i l  RELEASE 2 . 0  MAIN DATE = 7 7 1 7 0  1 9 / 1 0 / 1 7  PAGE 0 0 0 0
3 1 5 8 U2=UC(N11)
0 1 5 9 GO TO 16
0 1 6 0 15 COA=UC(H1t |
0 16 1 N0A=N11 i . , .
0 1 6 2 M 1 = N11
0 1 6 0 N11 = I111*1
0 16 0 U1SU2 . v . -  '  T " - ■
0 1 6 5 ' U2=UC(H11) '
0 1 6 6 16 I F ( N 1 1 - N 2 )  1 7 , 1 7 , 1 8
0 1 6 7 18 H R I T B ( 6 , 6 1 2 )  COA
0 1 6 0 61 2 FOBNAT( / ,  2X,  '  MIN IHUI1 UNIT COST = • , 2 * , P 1 0 . 2 , / / )
C HRITE OUT THE OPTIMAL INSPECTION PLAN
0 169 NR ITE ( 6 , 6 6 6 )
0 1 7 0 666 FORMAT( 1 1 , 'STAGE* , 1 5 X , * ACTION*, / )
017 1 I  = NS
0 1 7 2 N1“ NOA
0 1 7 3 29 N2=N1 / 3
9 179 H2=M2*3
0 1 7 5 N8=Nt -N2
0 1 7 6 I F ( W R - I )  2 0 ,  2 1 ,  22
0 1 7 7 20 NRI TE( 6 , 6 2 0 )  I
0 178 620 FORNAT(2X,1 5 , 3 * , * INSPECT AND D IS P OS E ' )
0 1 7 9 GO TO 23
0 1 8 0 21 HRI TE( 6 , 6 2 1 )  I
01 81 621 FORMAT ( 2 X , 1 5 , 3 X , ' I N S P E C T  AND REPAIR ' )
01 02 GO TO 23
0 1 8 3 22 WRITE ( 6 , 6 2 2 )  I
31H9 62 2 FORMAT ( 2 1 , 1 5 , I X , ' N O  INSPECTION' )
0 1 8 5 23 1 = 1 - 1
0 1 6 6 I F ( I . E Q . O )  GO TO 25
0 1 8 7 N1= ( N 1 + 1 J / 3
0 1 8 8 GO TO 29
0 1 8 9 25 STOP
) 190 END
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r n i m t A H  i v  g i  r e l e a s e  2 . 0 QUALCP
7001 SUBROUTINE QUALCP (NT,PQ
G002 DIMENSION PQ( 1 ICO)
0 0 0  3 COMMON C Q ( 1 1 0 0 )
OOOil HL= 3* * N T - ( 3 * * N T - 1 ) / 2
0 0 0 5 HU= 3 * * N T * ( 3 * * N T-1 1 / 2
0 0 0 6 DO 8 2  K=NL,HU
0 0 0 7 I F < P Q ( K ) - P R )  8 2 , B 2 , 83
0 0 0 0 83 CQ ( K ) = 1 0 0 0 0 0 0 .
0 0 0 9 82 CONTINUE
0 0 1 0 RETURN
00  11 END
DATE = 7 7 1 7 0  1* 1 /1 0 / 17  PAGE 00 01
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FDHTRAN IV 01 UK LEASE 2 . 0 BIHACP
0 0 0 1  SUBBOUTIHE BIHACP (NT,(IS)
COO2 DIHENSIOH JU (10)
o o o o  connoK c b ( 1100 )
0 0 0 9  H L = 3 * * N T - ( 3 * * H T - 1 ) / 2
0 0 0 5  HU = 3**HT+ | 3 * * N T - 1 } / 2
0 0 0 0  DO 60 K=NL,NU
0 0 0 7  I  = NT
0 0 0 8  K1=K
0 0 0 9  65  K2=K1/.1
001' '  K3=K2*1
0 0 1 1  KD=K1-K3
0 0 1 2  I F (K D - I )  6 1 , 6 1 , 6 3
0 0 1 3  61  J H ( I )  = 1
0010 1*1-1
0 0 1 5  K1=K2
0 0 1 6  60  TO 60
0 0 1 7  6 3  J U ( I ) = 0
0 0 1 8  1 = 1 -1
0 0 1 9  K1=K2*1
0 0 2 0  60 IF ( I - 1) 6 6 , 6 5 , 6 5
0 0 2 1  66  JT=0
0 0 2 2  DO 67 1 = 1 , NT
0 0 2 3  67 JT=JT*JH ( I )
0 0 2 0  IP(JT-WS) 6 0 , 6 8 , 6 9
0 0 2 5  6 9  CB (K)= 1 0 0 0 0 0 0 .
0 0 2 6  6 8  CONTINUE
0 0 2 7  RETURN
0 0 2 8  EHD
DATE = 7 7 1 7 0  1 9 / 1 0 / 1 7  PAGE 0 00 1
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NUHBEB C? PROEUCTION STAGES = 
INITIAL AHOUN1 OF INPUT =
6
I f  OO.O!)
PRODUCTION PRODUCTION PROEUCTION GOODITEf) DISPOSAL SALVAGE HAZARD INSPECTION EFFICIENCT
STAGE FAILURE PATE COST RECHFCK COST COST VALUE COST GOOD BAD
1 0 .  V 5 2 0 . CO 4 , 0 0 2 . 0 0 1 . 0 0 0 . 5 0 0 . 9 0 0 . 0 5
2 O . M 2 5 . 0 0 6 .0G 4 . CO 2 . 0 0 6 . 0 0 0 . 9 5 0 . 0 3
3 0-.0 3 3 5 . 0 0 9 . 0 0 6 . 0 0 3 . 1 0 7 . 0 0 0 . 9 8 0 . 0 2
4 0 . C 2 4 5 . 0 0 1 7 . OC 1 2 . 0 0 5 . 0 0 9 . 0 0 0 . 9 5 0 . 0 3
5 0 . 4 4 0 . 0 0 1 3 . OC 9 . 0 0 4 . 5 0 8 . 0 0 0 . 9 6 0 . 0 3
6 0 . 0 2 6 0 . 0 0 2 1 . CC 1 5 . 0 0 7 . 0 0 4 0 . 0 0 0 . 9 7 0 . 0 2
INSPECTION COSTS
1 2 3 4 5 6
0 2 .  *10 4 . 0 0 7 , 0 0 1 1 . 0 0 1 6 . 0 0 2 0 . 0 0
1 0 . 0 3 .0U 5 .  CO 8 . 0 0 1 0 . 0 0 1 5 . 0 0
2 j . 0 0 . 0 4 . CO 6 . 0 0 9 . 0 0 1 3 . 0 0
3 o . c 0 . 0 0 . 0 5 . 0 0 7 . 0 0 1 2 . 0 0





0 . 0 o . c o . o 0 . 0 8 .  CO
1 1 0 . Cl 2 7 . 0 0 4 u . 0 C 4 8 . CC 6 0 . 0 0 8 0 , 0 0
2 ■J.C 1 5 . 0 0 4 5 . OC 5 0 . CO 7 0 . 0 0 8 5 . 0 0
3 1 .G 0 . 0 7 0 . 0 0 e o . o c 9 2 . 0 0 1 0 0 . 0 0
4 C.O 0 . 0 0 . 9 7 5 . 0 0 8 0 . 0 0 1 1 8 . 0 0
5 J . O 0 . 0 0 . 0 0 . 0 7 6 . 0 0 1 2 0 . 0 0
6
H iN in un
0 . 0  
UNIT CCST
0 . 0 G.D
2 4 5 . 9 9
o . o 0 . 0 1 4 0 . 0 0
STAGE ACTION
6 INSPFCT AND REPAIR 
j  HO INSPECTION
4 NO INSPECTION
3 HO INSPECTION




In p u ts :
O u tp u ts :




Number o f  p ro d u c tio n  s ta g e s  
I n i t i a l  amount o f in p u ts
E xpected  p ro d u c tio n  f a i l u r e  r a t e  a t  p ro d u c tio n  
o p e ra t io n  s ta g e  i
C P(i) : U n it p ro d u c tio n  c o s t  a t  p ro d u c tio n  o p e ra t io n  s ta g e  i
CRG(i) : U n it c o s t  to  rech eck  a  good item  in  s ta g e  i
CD(i) : U n it d is p o s a l  c o s t  a t  s ta g e  i
C S (i) : U n it s a lv a g e  v a lu e  a t  s ta g e  i
C I ( i , j ) :  U n it in s p e c t io n  c o s t  a t  s ta g e  i  g iv en  th a t  th e
im m ed ia te ly  p re v io u s  in s p e c t io n  i s  a t  s ta g e  j
C R ( i , j ) :  U n it r e p a i r  c o s t  a t  s ta g e  i  g iven  th a t  th e  d e fe c t iv e
i s  cau sed  in  s ta g e  j
B ( i)  : I n s p e c t io n  e f f i c i e n c y  a t  s ta g e  i
G (i)  : P r o b a b i l i ty  o f m is ta k in g  a good item  a s  a bad one
in  s ta g e  i
Minimum q u a l i ty  req u irem en t
Maximum number o f  in s p e c t io n  s t a t i o n s
1 . O ptim al In s p e c t io n  P la n
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C T H I S  I S  A R E V I S E D  G E N E R A L  MODEL FOB A P R O D U C T I O N  t M S P F C T T O N  S Y S T E M
D I M E N S I O N  T ( 6 )  r C P ( 6 ) ,  C S G ( 6 ) ,  C D ( 6 ) ,  C S < 6 ) ,  CH ( 6 ) ,  CP ( b ,  6  ) ,  
* C I ( 6 , f i ) ,  P ( M P O ) ,  PA ( 1 1 9 0 ) ,  S ( 1 i r r ) ,  S A ( l l f i O ) ,  P D ( 6 , 1 1 C 0 ) ,  P I ) A ( 6 ,
+ 1 1 0 1 ) ,  AU ( 6 ,  1 1 0 0 )  ,  R It ( 6  ,  1 1 0  ( ' )  ,  R n U ( 1 1 P 0 ) ,  ADD £ 1 1 0 0 )  ,  R ( 6 ) ,  ( 1 ( 6 )  ,
♦ T A D ( 1 1 9 9 )  ,  TUB  ( 1 1 9 0 )  ,
* AG ( 1 1 0 0 )  ,  RG ( 1 1 0 ( 1 ) ,  P P  ( 1 1 3 0 ) ,  P P A  (  1 1 9 0 )  ,  I I C ( H J O ) ,  G N ( 1 1 0 C )
CUMHON C ( 1 1 0 9 )
B E A D ( 5 , 5 0 1 )  N S ,  S O  
5 0  1 F 0 n M A T ( I 5 ,  F 1 U .  2)
WRI TE  ( 6 , 6 0 1 )  N S ,  SO  
6 0 1  F On MAT  ( 2 X ,  1 HUM HER o p  P R O D U C T I O N  S T A G E S  = • ,  1 5  , / ,  2X ,  1 I  N I T I A L  AHOIJN 
* T OP I N P U T  = » , F 1 5 . 2 )
WR I T E  ( 6 , 6 9 9 )
6 9 9  FORMAT ( / / ,  1 X ,  * P R O D U C T I O N 1 ,  1 X ,  1 P P OD1 1 CTI  ON * ,  1 X ,  1 P R O D U C T I  OH 1 ,  I X ,  ' GOOD  
* I T E M *  , 3 X ,  1 D J S F 0 5 A  I . 1 ,  2 X ,  • S A L V A G E 1 , I X ,  • H A Z A R D 1 , 3 X ,  1 I N S P E C T I O N  E F F T C I
•  E N C r 1 , / , 9 X , 1 S T AG F 1 , 2 X ,  • F A I L U R E  R A T E * , . I X ,  • C O S T '  ,  I X ,  1 RECI I RCK C O S T 1 , U  
* X , ' C O S T 1 , R X , • V A L U E * , 5 X , ' C O S T 1 , 6 X , 1 G O O D 1 , U X , ' B A D * , / )
DO 1 I  = 1 , N S
READ ( 5 , 5 0 2 )  T ( 1 )  ,  C p ( I ) ,  C R G ( I ) ,  C D ( I ) ,  C S ( I ) ,  C H ( I ) ,  D ( I > ,  G ( I )
5 0 2  FORMAT ( U F 1  3 . 2 )
W R I T E  ( 6 , 6 0  2)  I ,  T [ t ) ,  C P  ( I )  ,  CHf i  ( I )  ,  CD ( I )  ,  C S ( I ) ,  CH ( 1 )  ,  B ( I ) ,  
* G ( I )
6 0 2  FORM AT ( 2 X ,  I l , 6 X , 8 F i r >.  2 )
1 C O N T I N U E  
WR I T E  ( 6 , 6 9 8 )
6 9 8  F O R M A T ( / , 3 X , 1 I N S P E C T I O N  C O S T S 1 , / , 1 2 X , 1 1 1 , 9 X , 1 2 1 , 9 X , 1 3 1 , 9 X , • U 1 , 9 X , 1 
+ 5 ' , 9 X ,  '  6  1 ,  / )
DO 3  1 = 1 , NS
R Z A D ( 5 ,  5 0  3)  ( C l  ( I , . I ) ,  .1 = 1 ,  N S )
5 0 3  F O R M A T ( b F  1 0 .  2)
I A  = 1 - 1
W R I T E ( 6 , 6 J 3 )  I A ,  ( C I ( I , . 1 ) ,  J  =  1 , N S )
6 3 3  F O R M A T ( 1 X , I 2 , 2 X , 6 P l o . 2 )
3 C O N T I N U E
W R I T E ( 6 , 6 9 7 )
6 9 7  F ORMAT ( / / . I X . ' F P P A I I I  C O S T S 1 , / )
DO 2  1 = 1 , N S
R E A D  ( 5 ,  5 0  1)  ( C R ( I , . l ) ,  .1 =  1 , NS )
WRI TE  ( 6 , 6 0 . 1 )  I ,  ( C F ( I , J ) ,  J =  1 , N S )
2 C O N T I N U E  
P ( 1 ) = - 3 .
PA ( 1 )  =  P ( 1 )  
s  ( 1 )  = s o  
SA ( 1 )  = S ( 1 )
PD ( 1 ,  1 ) = o .
PDA ( 1 , 1 ) = P D  ( 1 , 1 )
P P ( 1 )  = ' ) .
P P A ( 1 ) = 0 .
N= 1
DO 9  1 = 1 , NS  
U N = N + 3 + * I
DO 5  K = 2 , N  
C D E T E R M I H E  THE S T A G E
A=K
Z l = A  + 2 . - 1 . » . ( ' 1
1 =  I N T  ( ALOG ( Z 1 ) / A ? . O G  ( 1 .  ) )
C I t c TKMMI RE Ti l  R A C T I O N
N 1 = K / 1
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FOHTHAN TV 01  8 :;LPA5E 2 . 0  1 U »  DATE = 7 7 2 3 5
i1 ill 6 H1= N 1 + 3
n < i 7 HR = K-HI
OPtIH IF  (N k - 1 )  1 " ,  11 ,  12
p. ' 4 9 12 N P =( K +1 } / 3
ooi- ' t pf) ( I ,  K) = ( 1 . - P A  (HP) ) * T ( I )
0 1 5 1 1 1 = 1 - 1
0 152 0 0  121 0 = 1 , 1 1
0 1 5 3 121 PD( .1 ,K)  =PDA ( i l , HP) * ( l . - T ( I ) )
0 0 5 4 PP ( K) = PPA ( KP)
PC 55 DO 1 2 2  J = 1 , 1 1
0 1 5 6 122 PP(K)  =PP(K)  ♦ P D A ( J , HP)*  T ( I )
0 7 5 7 P(K)  = PP(K)
0 0  5« DO 123  0 = 1 ,1
0 0 5 4 121 P(K)  =P(K)  +P0 (J ,K>
4 06  f- 3 (K) = 3 A ( 8 P)
0 ' 6 1 DO 124 J = 1 , I
0 7 6 2 124 PDA ( J , K) = P n ( 0 , K )
4 ) 6 3 PPA (K) =PP{fC)
0 7 6 4 SA(K) = S(K)
0 4 6 5 PA (K>=P(K)
0 ) 6 6 C ( K ) =  S ( K ) * C P ( I ) ♦ S A ( K ) * PA (K )+ C H (1 )
0 1 6 7 (10 TO 5
07  6 H 10 PP (K) = F P ( K - 1 )
0 0 6 1 P(K) = P ( K - 1 )
4 )7 ' * 3 (K )= S  ( K - 1 )
00  7 1 DO 101  J = 1 , I
0 1 7  2 101 P D ( J , K ) = P 0 ( J , K - 1 )
4.173 Ad(K)  = ( 1 . - P ( K )  ) * ( 1 . - G ( I ) »
0 0 7 4 fl!J(K) = ( 1 . - P ( K )  ) ♦ « ( ! )
00  75 DO 102 .1 = 1 , 1
4 1 7 6 A B ( J , K )  = P D ( . I ,K - 1 )  * ( 1 . - B ( I ) >
0 0 7 7 10 2 R O ( 0 , K )  =PD ( J ,  K-1)  +0 ( I )
0 7  78 ADD IK) =PF (K) * (1 .  -D ( I )  )
0 4 7 9 RBD(K) =PP(K) * D( I)
009 f , TAD(K) =ADD (K)
0 ) 8 1 DO 103  0 = 1 , 1
0H12 13 3 T A B (K )= T A D (K )* A B (J ,K )
0 4 0 3 TAC=TAD(K) * AG (K)
TUB (K) =PDD(K) + 8 0 ( 1 )
00 05 D(1 134 J = 1 , I
04  86 104 Tnf l (K)  =T8B(K)  + BB ( 0 , K )
0 1 H 7 DO 10 5 J = 1 , I
7 0 1 8 105 P D A ( 0 , K ) = A U ( 0 , K ) / T A C
0 ' 8 9 P P A ( K ) = ADD (K ) / TAC
00  90 PA (K) =PPA (K)
0 )9  1 DO 176  J  = 1,T.
0 0 9 2 K b PA (K) = PPA (K) * PDA { . 1 , K)
f. I l  l 5 A ( K ) = 5 ( K ) * T A C
C DETEIK1IH E TIIF IBM RDTATEI.Y PE P VI011S '’HSPSGTIOM POINT
4.TJU K1=K/3
0 1 1 6 107 IF  ( K 1 . K U . 1 )  CO TO 14 H
0 146 K 2 = K l / 3
0 ) 1 7 It 2=K 2*3
0 ) 9 0 KR=K1-K2
) 199 IF  ( K R . F 0 . 2 )  HO TO 14*?
0 1 ) . t A = K1
ii 1 7 1 31  = 2 .  * A - 1 .  -.<■ 1
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IV <11 P ' l G A S K  2 . 1  H»III n.V'R -  7 7 2 J 5  1fi /15/-">5
00  TO 1010 
V R  K l = ( K l H ) / 3  
(10 TO 107 
i ^ n  i r*=i
I T U 1 C (K) = S (K) * C P ( I )  *S (K) * C l  ( I P , I )  +5 A (K) * PA (K) *C1I ( I )  »S (K) ♦TUD (K) *
+ ( C O ( I ) - C a { H  )
GO TO 5
I I  PP (K>= PP (K -1 )  
l> (K) = P (K -1 )
5 (K)=S  ( K - 1 ) 
n<I(K) = HG (K-1 )
AG (K) = AG ( K - 1 1 
DO 111  . 1 =1 ,1
PD (.1,  K) = PD ( J  ,  K-1 (
A D (.1, K) -AD ( J ,  K- 1)
I I I  Ml (.1,K) » !1D( .1,K-1)
ADD (K) = ADI) (K-  1)
RHD (K) = ftflD ( K - 1 )
TAH(K) =TAU(K-1)
TRB (K) =T 1(11 (K-1 )
TAC=1 . -n i lU (K)
DO 112  J = 1 , I
112  PDA(. I ,K)  = A U ( J , K ) / T A C  
P P A ( K ) =ADD(K) /TAC
PA(K) =PPA (K)
DO 113  J = 1 , I
11 3  PA(K) =PA(K) + PDA ( .7,K)
SA (K) =S(K) *TAC 
TRC=7 .
DO 118 .1=1,  r  
118  TnC=TBC+pn ( J , K )  * C B ( J , I )
C ( K ) = S  (K)*CP ( I )  *S (K) * C I  ( I P , X )  ASA (K) *PA (K) * C H ( I )  (KJ *HfJ(K) *C11G(I)
* iTRC+S (K) *PI)D(K) * (CD ( I ) - C S  ( I )  )
5 CONTINUE
CALL gUALCP ( N S , P A , . 0 5 )
CALL UINACP (NS,  1)
C UNIT COST COMPUTATION
N1= J * * N 5 - ( 3 * * N S - 1 ) / I  
N2=3* *NS + ( 3 * * N S - 1 ) / 2  
N21=N2*1 
ItC (N21) =0 .
DO 31 K=N1,H2 
CT=C(K) ■
KF=K
33 K F= (K P* 1) / 3
TP (KP.P.Q.  1) GO TO 32 
CT=CT*C(KFI 
GO TO 13 
32 l .N ( K ) = S A ( K ) *  ( l . - P A ( K I )
1IC (K) =CT/GN (K)
31 CONTINUE
C SEARCH FOR TilF, OPTIMAL INSPECTION ALTERNATIVE
N1 1 = N 1 ♦ 1 
I11 =(IC (N1)
II 2 = UC ( N 1 1)
17 I P  ( I I1-U2)  1 N , 1 5 , 1 5
1I| COA = HC(N1)
NOA=N1
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FORMAN IV (J1 RELEASE J . l  (IAIN OATS = 7 7 2 3 5
r 157 N 1 1= N 11 «1
r i s h U 2 = t i t ; ( n n )
PIG'J r.u t o  16
TIRO 15 COA=UC (NT 1>
0 lli 1 NO A = (111
0 1 6 2 Ml=K11
" 1 6 3 N i t = N i m
0 1 6 9 U1=U2
0 1 6 5 «2=UC(N 11)
0 J <»(i 16 I F  (H11 -N2 )  1 7 , 1 7 , 1 8
9 1 6 7 18 H B I T E ( 6 , 6 1 2 )  COA
J 16U 612 FOR HAT ( / ,  2X, 'MINI  HUD UNIT COST ** , 2 X ,F1  0 . 2  , / / )
C HRITE OUT 7HF CPTIHAL INSPECTION PLAN
9 1 6 9 W R IT E ( 6 ,6 6 6 )
*) 1 70 666 FORHAT ( I X ,  ' S T A G E * , 1 5 X , • ACTTON*, / )
0 171 I=*M5
0 1 7 2 N1=H0A
0 1 7  J 29 N2=N1 / 3
0 1 7l| K2=N2*3
0 1 7 5 NH=N1-H2
0 1 76 I F ( N R - I )  20 ,  2 1 ,  22
01 77 20 HRITE (6 ,62'<) I
0 17R 620 FORM AT (2 X ,  IS , 3 1 ,  * 11... . 1CT AND DISPOSE*)
0 1 7 9 GO TO 2 3
rt18'1 21 HRITE( 6 , 6 2 1 )  I
" i s i 621 P O R R A T ( 2 X , I 5 , I X , * I N S P E C T  AND REPAIR*)
0 1 8 2 GO TO 23
01rt3 22 WRITS( 6 , 6 2 2 )  I
0 1 8 9 622 FORHAT(2X,1 5 , 3X,*NO INSPECTION*)
0 1 8 5 23 1 = 1 - 1
Olf ln IF  ( I . E Q . O )  GC TO 25
0 1 8 7 N 1 = ( N U 1 ) / 3
011)1) GO TO 29
0 1 8 9 25 STOP
0 1 9 0 END
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30 0  3
0 05  !i
0 0 0 5
00 06
0 0 0 7
0 500
r  i  i o 65
00  111
0-M1
0 0 1 2
0 0 1 3 61
07X4
0 5 1 5
0 0 1 6
00 17 63
10 18




0 1 2 3 67
0.126
0 0 2 5 60
0<>26 60
0 0 2 7
00  2H
2 . 0  OIIIACP
s u n n o i i T i N K  b i n a c p  ( H i . n s )  
D I U K N S 1 0 B  J H ( 1 0 )
COHKOH CO (1 1 r‘r )
HL =3 * * M T -( J * * N T -1 ) / 2
KU = J**MTt  ( 3**t lT-  1) / 2




K 3 = K 2 * 3
K D = K 1 - K  3
I F ( K D - I )  f. 1 , 6 1 , 6 3
1 = 1-1 
K 1=K 2 
GO TO 64 
•IV (I) =0 
i= r- i  
K1=K2H
I F  ( 1 - 1 )  6 6 , 6 5 ,  65 
.IT=0
DO 67  1 = 1 , HT 
J T = J T f J « ( I )
I P ( J T - H S )  6 0 , 6 0 , 6 9  




DATE = 7 7 23 5  1 0 / 3 5 / 5 5  PAGE <j OP 1
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miflUKH o r  PRODUCTION STAGES a 
IN IT I M  AMOUNT <if INPUT =
6I';*’'.00
PRODUCTION PRODUCTION PRODUCTION GOOPtTBN DISPOSAL SALVAGE HAZARD INSPECTION BFFICIENCf
STAGE FAILURE RATE COST RECHECK COST COST v a l u e COST GOOD BAO
1 C 3 0 . 0 2 0.0 C.OJ 0 . 9 0 . 6 9 . 9 9 C.O
2 0 .  • 4 0 . 2 7 O.C- ".■to r  . r O.C 0 . 9 9 9 . 9
1 (».* 4 0 . 0 6 o . c 0 . 0 0 0 . 0 0 . 0 0 . 9 9 r.c-
a 0 .  3 0 . C 9 o.c O.Of. 0 . 0 0 . 9 0 . 9 9 0 . 0
5 0 .  2 0 . 4 6 P . 9 0 . 0 0 Ij.-J 0 . 0 0 . 9 6 P .O
6 0 .  3 0 . 0 9 6.6 0 . 0 9 0.0 4 . 0 0 1.GC- P . ?
INSPECTION COSTS
1 2 3 it 5 6
0 ).r 0 . 0 1 0 . 1 2 0 . 2 2  0.29 9 . 3 7
I '> . 0 0 . 0 1 0.12 1 . 2 2  r . , 2 9 0 . 3 7
2 o.c 0.0 0 . 1 1 0 . 2 0  0 . 2 5 9 . 3 1
3 3 . 0 0 . 1' 6 . 0 0 . 1 7  0 . 2 0 o . 2 5
4 0 . 0 o . f. 0 . 0 9 . 0 I ' .  17 9 .  22
5 o . r 0 . 0 0 . 0 0 . 0 O.C o .  IN
flEPAIH COSTS
1 O.PS 0.90 0.01 9.02 0.02 0 . C 4
2 10990.1)1 1 00. JO 1000.00 1000.09 19C0.D0 1000.09
3 o . A 0.9 o.cu 0.10 9.22 > . 4 3
4 0 ,u c .o 0.0 9 . Cl 0.31 1 . 4 5
5 c ." 0, u 0.9 O.o 0.34 9 . 5 9
6 0.0 9 . 0 0.0 0 . 0 0.0 9 . 19
MNIttUN UNIT COST = 1.C-8
STAGE ACTION
6 INSPECT AND REPAIR 
5 NO INSPECTION
U HO INSPECTION
J NO INSPF.CT ION
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